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(54) Gas turbine plant with fuel preheater 

(57) The fuel delivery system of a gas turbine plant 
includes an exchanger for heating the fuel before feed- 
ing it to the combustor. The heat energy is provided by 
hot gases which can be found in the plant, e.g. in the 
compressor, in its casing, in the discharge of the turbine 
or preferably in a f lowpath bypassing the combustor. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a gas turbine s 
plant, and in particular, to a gas turbine plant which pre- 
viously heats a fuel supplied to a gas turbine combustor 
of the gas turbine plant and enhances a quantity of heat 
$0 as to improve a plant heat (thermal) efficiency. 
[0002] In a gas tuibine plant, it has been known that 10 
the plant heat efficiency is improves if an inlet combus- 
tion temperature of a gas turbine is made high. The 
plant heat efficiency is calculated from a ratio of a gas 
turbine power to a fuel supplied to a gas turbine com- 
bustor. 15 
[0003] Therefore, how to reduce a fuel to be supplied 
to the gas turbine combustor, or how to enhance an out- 
put of the gas turbine is an important matter in order to 
improve the plant heat efficiency. 

[0004] In view of the gas turbine output power in the 20 
light of the improvement of the plant heat efficiency, 
there is a problem of an increase in a power per unit 
combustion gas flow (specific power). However, an 
improvement of flow characteristic of a gas turbine 
blade and a reduction in other mechanical loss have 25 
already reached the limit, and it is difficult to greatly 
improve the flow characteristic and reduce the mechan- 
ical loss. 

[0005] On the other hand, in order to reduce fuel con- 
sumption so as to improve the plant heat efficiency, it is 30 
important to improve a quantity of heat of fuel itself. 
[0006] Recently, there has been disclosed Japanese 
Patent No. 2540646 as means for improving the quan- 
tity of heat of fuel itself. As shown in Fig. 29, the Japa- 
nese Patent No. 2540646 relates to a so-called murti- 35 
shaft type combined cycle power generation plant which 
is constructed in such a manner that a shaft of a gas tur- 
bine plant 2 connected to an exhaust heat recovery 
boiler 1 is separated, and a steam turbine plant 3 is 
independently provided. A gas turbine combustor 4 is 40 
provided with a heat exchanger 5, and a heated water 
generated from an economizer 6 of the exhaust heat 
recovery boiler 1 is used as a heating source to be sup- 
plied to the heat exchanger 5, and thus, a heat 
exchange of a fuel F supplied to the gas turbine com- 45 
bustor 4 is made to increase a quantity of heat. 
[0007] As described above, in the Japanese Patent 
No. 2540646, efforts have been made to reduce fuel 
consumption and to improve a plant heat efficiency 
because there is an anxiety that fossil fuel resources so 
are exhausted in near future. 

[0008] In the prior art shown in Fig. 29, a heated water 
on an outlet side of the economizer 6 having a relatively 
small influence on load f luctuation is used as a heating 
source of the heat exchanger 5 so as to heat the fuel F, 55 
and then, a gas turbine driving gas (main flow gas) hav- 
ing the same temperature is generated by a fuel flow 
rate relatively smaller that that of the conventional case, 



and thus, a plant heat efficiency is improved. However, 
the heated water on the outlet side of the economizer 6 
has been used as a heating source of the fuel F, and for 
this reason, there have arisen several problems. 
[0009] Primarily, the temperature of heated water gen- 
erated from the economizer 6 is set on the basis of heat 
balance of the whole plant regardless of heating the fuel 
F. For this reason, the temperature of the heated water 
becomes high by heating the fuel, and then, a saturation 
pressure based on the high temperature of heated 
water excessively becomes high. Thus, a feed water 
pump 6a requires a high pressure rising force, and thus, 
this is a factor of increasing the cost. 
[001 0] During partial load operation, when a flow rate 
of the heat water supplied to the heat exchanger 5 
becomes low, a quantity of feed water from the feed 
water pump 6a passing through the economizer 6 
becomes low. In this case, however, an internal pres- 
sure of the feed water pump rises, and for this reason, 
the heat water discharged from the economiser 6 
exceeds a saturation temperature. As a result, there is 
the possibility that steaming is generated. 
[001 1 ] Further, the heated water of the economizer 6 
is used as a heating source of the fuel F. In this case, 
however, the aforesaid construction is applied to only 
the combined cycle power generation plant. For exam- 
ple, in the case of a simple cycle gas turbine, it is difficult 
to secure a heating source, and for this reason, there 
has been required a gas turbine plant which can readily 
secure the heating source. 

[001 2] As described above, the prior art shown in Fig. 
29 can improve the plant heat efficiency, but provides 
the aforesaid several problems. 

SUMMARY OF THE INVENTION 

[001 3] A primary object of the present invention is to 
substantially eliminate defects or drawbacks encoun- 
tered in the prior art described above and to provide a 
gas turbine plant capable of relatively reducing a flow 
rate of fuel so as to improve a plant heat efficiency with- 
out giving any influence to other constituent equipments 
when using the gas turbine plant itself as a heating 
source for heating a fuel. 

[001 4] This and other objects can be achieved accord- 
ing to the present invention by providing, in one aspect, 
a gas turbine plant comprising: 

an air compressor; 
a gas turbine; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operativery 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor; and 

a heat exchange section for heating the fuel from 
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the fuel system by means of a high pressure air as 
a heating source from the air compressor. 

[001 5] In a preferred embodiment, the heat exchange 
section is housed in the air compressor or mounted to a 5 
casing of the air compressor, and in the case of mount- 
ing to the casing, a fuel passage is formed by an outer 
cover covering an outer periphery of the casing, one 
side of the fuel passage being provided with a fuel inlet 
and a fuel outlet and another side of the fuel passage is w 
provided with a connecting pipe. 
[001 6] In another aspect, there is provided a gas tur- 
bine plant comprising: 

an air compressor; 75 
a gas turbine; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 20 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

an extraction closed circuit system provided for the 
air compressor; and 25 
a heat exchange section provided for the extraction 
closed circuit system for heating the fuel supplied to 
the gas turbine combustor from the fuel system. 

[001 7] In a further aspect, there is provided a gas tur- 30 
bine plant comprising: 

an air compressor; 

a gas turbine including an exhaust gas system; 
a driven equipment, the air compressor, the gas tur- 35 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 40 
combustor; and 

a heat exchange section provided for the exhaust 
gas system of the gas turbine for heating the fuel 
supplied to the gas turbine combustor from the fuel 
system. 45 

[0O18] In a still further aspect, there is provided a gas 
turbine plant comprising: 



an air compressor; so 
a gas turbine including a high temperature section; 
a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 55 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 



a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system, 
the high pressure air after the heating being sup- 
plied to the high temperature section of the gas tur- 
bine as a cooling medium; and 
a high pressure air recovery system for recovering 
the an overall quantity or part of the high pressure 
air to the air compressor after cooling the high tem- 
perature section of the gas turbine. 

[001 9] In this aspect, the high pressure air supply sys- 
tem is divided into a plurality of high pressure air supply 
sections in accordance with a magnitude of pressure 
loss of the high pressure air passing through the high 
temperature section of the gas turbine, the plurality of 
high pressure air supply sections each being provided 
with a flow distributing device. The flow distributing 
device is either one of a flow control valve and an orifice. 
The high pressure air recovery system is divided into a 
plurality of high pressure air recovery sections so as to 
correspond to the divided plurality of high pressure air 
supply sections. 

[0020] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including a high temperature section; 
a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; and 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system, 
the high pressure air after the heating being sup- 
plied to the high temperature section of the gas tur- 
bine as a cooling medium and the high pressure air 
after cooling the high temperature section being 
joined with a gas turbine driving gas. 

[0021] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tempera- 
ture section; 
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a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; s 
a fuel system for supplying a fuel to the gas turbine 
combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 10 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure is 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to at least one of the 
high temperature sections of the gas turbine as a 
cooling medium; and 

at least one high pressure air recovery system for 20 
recovering an overall quantity or part of the high 
pressure air after cooling the at least one of the high 
temperature sections of the gas turbine to the air 
compressor. 



[0022] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tempera- 30 
ture section; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 35 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 40 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 45 
a first pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the fuei 
and for supplying the high pressure air to at least 
one of the high temperature sections of the gas tur- 
bine as a cooling medium; 50 
a second pressure rising compressor which is 
bypassed from an outlet side of the first pressure 
rising compressor and rising a pressure of the high 
pressure air after heating the fuel and for supplying 
the high pressure air to at least one of other high 55 
temperature sections of the gas turbine as a cooling 
medium; and 

a high pressure air recovery system for recovering 



an overall quantity or part of the high pressure air 
after cooling the high temperature sections of the 
gas turbine to the air compressor. 

[0023] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including a plurality of high tempera- 
ture sections; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature sections of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a plurality of pressure rising compressors for rising 
a pressure of the high pressure air after heating the 
fuel and for supplying the high pressure air to the 
high temperature sections, respectively, as a cod- 
ing medium; and 

a high pressure air recovery system for recovering 
an overall quantity or part of the high pressure air 
after cooling the the high temperature sections of 
the gas turbine to the air compressor. 

[0024] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including a plurality of high tempera- 
ture sections; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature sections of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to the at least one 
high temperature section as a cooling medium, said 



7 EP 0 903 484 A2 



8 



high pressure air supply system being directly con- 
nected to at least one of other high temperature 
sections so as to supply the high pressure air after 
heating the fuel as a cooling medium; and 
a plurality of high pressure air recovery systems for s 
recovering an overall quantity or part of the high 
pressure air after cooling the high temperature sec- 
tions of the gas turbine to the air compressor in 
accordance with the plurality of high temperature 
sections, respectively. 10 

[0025] In a still further aspect, there is provided a gas 
turbine plant comprising: 



combustor; and 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying the high pressure air from the 
air compressor, the high pressure air supply system 
being provided with a heat exchange section for 
heating the fuel from the fuel system and another 
heat exchange section for heating a heat utilizing 
device for heating a medium to be heated of the 
heat utilizing device. 

[0027] In a still further aspect, there is provided a gas 
turbine plant comprising: 



an air compressor; 15 
a gas turbine including a plurality of high tempera- 
ture sections; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 20 
a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor; 

a high pressure air supply system operatively con- 25 
nected to the high temperature sections of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 30 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to the high temper- 
ature sections of the gas turbine as a cooling 35 
medium; 

a high pressure air recovery system for recovering 
an overall quantity or part of the high pressure air 
after cooling at least one of said high temperature 
sections of the gas turbine to the air compressor; 40 
and 

a cooling recovery system for recovering the overall 
quantity or part of the high pressure air after cooling 
at least one of other high temperature sections of 
the gas turbine to an inlet side of the heat exchange 45 
section. 

[0026] In a still further aspect, there is provided a gas 
turbine plant comprising: 

50 

an air compressor; 

a gas turbine including a high temperature section; 
a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 55 
a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 



an air compressor; 

a gas turbine including a high temperature section; 
a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor; and 

an air extraction closed circuit system provided for 
the air compressor, the air extraction closed circuit 
system being provided with a heat exchange sec- 
tion for heating the fuel from said fuel system and 
another heat exchange section for heating a heat 
utilizing device for heating a medium to be heated 
of the heat utilizing device. 

[0028] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including an exhaust gas system and 
being combined with a steam turbine; 
a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a heat exchange section provided for the exhaust 
gas system of the gas turbine for heating a fuel sup- 
plied from the fuel system to the gas turbine com- 
bustor; and 

a plurality of exhaust heat recovery heat exchange 
section provided for the exhaust gas system of the 
gas turbine for heating a feed water of the steam 
turbine plant so as to generate a steam. 

[0029] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including a high temperature section; 
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a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; s 
a fuel system for supplying a fuel to the gas turbine 
combustor; and 

an air extraction closed circuit system provided for 
the air compressor, the air extraction closed circuit 
system being provided with a heat exchange sec- 10 
tion for heating the fuel from the fuel system to the 
gas turbine combustor, a valve opening control unit 
for detecting a fuel leak into the high pressure air by 
a fuel leak detector provided for the heat exchange 
section and for closing a fuel valve of the fuel sys- is 
tern when a detection signal exceeds a predeter- 
mined value, and an alarm device for giving an 
alarm when the detection signal exceeds the prede- 
termined value. 

20 

[0030] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine; 2 s 
a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 30 
a fuel system for supplying a fuel to the gas turbine 
combustor; and 

a heat exchange section for heating the fuel from 
the fuel system by means of a high pressure air as 
a heating source from the air compressor, the heat 35 
exchange section being divided into a first heat 
exchange unit for heating an intermediate heating 
medium by a high temperature heating medium and 
a second heat exchange unit for heating the fuel by 
the thus heated intermediate heating medium. 40 

[0031] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 45 
a gas turbine; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air so 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor; and 

a heat exchange section for heating the fuel from 
the fuel system by means of a high pressure air as 55 
a heating source from the air compressor, the heat 
exchange section being divided into a high temper- 
ature chamber and a low temperature chamber and 



being provided with a heating pipe crossing the 
high temperature chamber and the low temperature 
chamber so that the heating pipe is heated by a 
high temperature heating medium in the high tem- 
perature chamber and the fuel is heated in the low 
temperature chamber. 

[0032] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor including an air discharging unit; 
a gas turbine; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a discharge air recovery system provided so as to 
bypass the air discharging system of the air com- 
pressor, the air discharging unit being provided with 
an air discharge valve to which is disposed a valve 
opening control unit which opens and closes the air 
discharge valve in response to at least one signal of 
a rotational speed signal of a gas turbine shaft and 
a power signal of the driven equipment; and 
a heat exchange section provided for the discharge 
air recovery system for heating the fuel supplied 
from the fuel system to the gas turbine combustor. 

[0033] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tempera- 
ture section; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to at least one of the 
high temperature sections of the gas turbine as a 
cooling medium, said pressure rising compressor 
being connected to a gas turbine shaft; and 
at least one high pressure air recovery system for 
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recovering an overall quantity or part of the high 
pressure air after cooling the at least one of the high 
temperature sections of the gas turbine to the air 
compressor. 

5 

[0034] In this aspect, the pressure rising compressor 
is directly connected to the gas turbine shaft or con- 
nected through a power transmission mechanism, 
which may be composed of either one of a gear mecha- 
nism and a torque converter mechanism. 10 
[0035] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tempera- 15 
ture section; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 20 

compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas turbine 

combustor; 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 25 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 30 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to at least one of the 
high temperature sections of the gas turbine as a 
cooling medium; 35 
a re-circulation system bypassing from an interme- 
diate portion between an outlet side of the pressure 
rising compressor and a check valve disposed to an 
inlet side of the high temperature section of the gas 
turbine, the re-circulation system being provided 40 
with a re-circulation valve and being connected to 
an inlet side of the heat exchange section; and 
at least one high pressure air recovery system for 
recovering an overall quantity or part of the high 
pressure air after cooling the at least one of the high 45 
temperature sections of the gas turbine to the air 
compressor. 

[0036] In this aspect, the re-circulation system 
includes a valve opening control unit which calculates a so 
pressure ratio of the pressure rising compressor in 
response to a pressure signal from each of an inlet side 
and an outlet side of the pressure rising compressor, a 
rotational speed signal of a gas turbine shaft, a power 
signal of the driven equipment, a temperature signal of 55 
the high pressure air recovered to the air compressor, 
then computes the valve opening signal so that the 
pressure ratio becomes a specified value determined by 
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at least one of the rotational speed signal of the gas tur- 
bine shaft, the power signal of the driven equipment, the 
temperature signal of the high pressure air recovered to 
the air compressor, and supplies the operational signal 
to the re-circulation valve. 

[0037] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tempera- 
ture section; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor, the fuel system being provided with a 
fuel valve; mrt 
a high pressure air "supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to at least one of the 
high temperature sections of the gas turbine as a 
cooling medium; and 

at least one high pressure air recovery system pro- 
vided with a high pressure air recovery check valve 
for recovering an overall quantity or part of the high : 
pressure air after cooling the at least one of the high 
temperature sections of the gas turbine to the air 
compressor, the pressure rising corrpressor being 
provided with a bypass system including a check 
valve and a valve opening control unit which closes 
the fuel valve of the fuel system when an accident 
happens in the pressure rising compressor while 
opening a discharge valve provided on an inlet side 
of the high pressure air recovery check valve of the 
high pressure air recovery system. 

[0038] In this aspect, the valve opening control unit 
serves to close the fuel valve of the fuel system in 
response to the pressure signal from each of an inlet 
side and an outlet side of the pressure rising compres- 
sor and a rotational speed signal of a pressure rising 
compressor driving equipment while opening a dis- 
charge valve provided on the inlet side of the high pres- 
sure air recovery check valve of the high pressure air 
recovery system. 

[0039] In a still further aspect, there is provided a gas 
turbine plant comprising: 

an air compressor; 
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a gas turbine including at least one high tempera- 
ture section; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor, the fuel system being provided with a 
fuel valve; 

a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 
compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to at least one of the 
high temperature sections of the gas turbine as a 
cooling medium; 

at least one high pressure air recovery system pro- 
vided with a high pressure air recovery check valve 
for recovering an overall quantity or part of the high 
pressure air after cooling the at least one of the high 
temperature sections of the gas turbine to the air 
compressor; 

an accumulator which has a flow control valve on 
an outlet side of the check valve on the outlet side 
of the pressure rising compressor; and 
a valve opening control unit adapted to close the 
fuel valve of the fuel system when an accident hap- 
pens in the pressure rising compressor while open- 
ing a discharge valve provided on an inlet side of 35 
the high pressure air recovery check valve of the 
high pressure air recovery system and adapted to 
open the flow control valve so that an accumulated 
air from the accumulator is supplied to the at least 
one of the high temperature sections of the gas tur- 40 
bine. 

[0040] In a still further aspect, there is provided a gas 
turbine plant comprising: 

45 

an air compressor; 

a gas turbine including at least one high tempera- 
ture section; 

a driven equipment, the air compressor, the gas tur- 
bine and the driven equipment being operatively so 
connected in series; 

a gas turbine combustor arranged between the air 
compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas turbine 
combustor; 55 
a high pressure air supply system operatively con- 
nected to the high temperature section of the gas 
turbine for supplying a high pressure air from the air 



compressor thereto; 

a heat exchange section provided for the high pres- 
sure air supply system for heating the fuel supplied 
to the gas turbine combustor from the fuel system; 
a pressure rising compressor for rising a pressure 
of the high pressure air after heating the fuel and for 
supplying the high pressure air to at least one of the 
high temperature sections of the gas turbine as a 
cooling medium; 

at least one high pressure air recovery system pro- 
vided with a high pressure air recovery check valve 
for recovering an overall quantity or part of the high 
pressure air after cooling the at least one of the high 
temperature sections of the gas turbine to the air 
compressor; and 

a valve opening control unit adapted to open a dis- 
charge valve provided on an outlet side of the pres- 
sure rising compressor when an accident happens 
in the pressure rising compressor so that a residual 
high pressure air of the air compressor conversely 
flows into the at least one of the high temperature 
sections of the gas turbine and adapted to open the 
discharge valve provided on an inlet side of the heat 
exchange section. 

[0041] According to the present invention of the vari- 
ous aspects mentioned above, in the gas turbine plant 
according to the present invention, the high pressure air 
of the air compressor is used as a heating source for 
heating a fuel supplied from the fuel section to the gas 
turbine combustor. Further, the gas turbine plant is pro- 
vided with means for cooling the high temperature sec- 
tions of the gas turbine by reusing the high pressure air 
which has been used for heating the fuel. Therefore, the 
quantity of heat (energy) of fuel increases while the 
plant heat efficiency being improved, and it is possible 
to sufficiently deal with the high output accompanying 
with the high temperature gas turbine drive gas supplied 
to the gas turbine. 

[0042] Further, in the gas turbine plant according to 
the present invention, in the case where the high pres- 
sure air from the air compressor is used as a heating 
source so as to heat the fuel, there is provided a heat 
exchange section, and the heat exchange section is 
provided with safety means. Therefore, the gas turbine 
plant can be safely operated without giving any hin- 
drance to other components. 

[0043] Further, in the gas turbine plant according to 
the present invention, in the case where the high pres- 
sure air which has been used for heating the fuel is 
reused as a cooling medium for cooling the gas turbine 
high temperature section, there is provided a pressure 
rising compressor, and the pressure rising compressor 
includes means capable of taking sufficient measures if 
an accident happens in the pressure rising compressor. 
Therefore, it is possible to securely cod the high tem- 
perature section of the gas turbine, and to keep the 
material strength of the high temperature section at a 
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preferable state. 

[0044] It is to be noted that the nature and further 
characteristic features of the present invention will be 
made more clear from the following descriptions made 
with reference to the accompanying drawings. s 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] In the accompanying drawings: 

10 

Fig. 1 is a system diagram schematically showing a 
gas turbine plant according to a first embodiment of 
the present invention; 

Fig. 2 is a system diagram schematically showing a 
modified embodiment of the gas turbine plant is 
according to a first embodiment of the present 
invention; 

Fig. 3 is a schematically cross sectional view of a 
heat exchange section cut along an arrow Ill-Ill in 
Fig. 2; 20 
Fig. 4 is a system diagram schematically showing a 
gas turbine plant according to a second embodi- 
ment of the present invention; 
Fig. 5 is a system diagram schematically showing a 
gas turbine plant according to a third embodiment 25 
of the present invention; 

Fig. 6 is a system diagram schematically showing a 
gas turbine plant according to a fourth embodiment 
of the present invention; 

Fig. 7 is a system diagram schematically showing a 30 
first modified embodiment of the gas turbine plant 
according to the fourth embodiment of the present 
invention; 

Fig. 8 is a system diagram schematically showing a 
second modified embodiment of the gas turbine 35 
plant according to the fourth embodiment of the 
present invention; 

Fig. 9 is a system diagram schematically showing a 
third modified embodiment of the gas turbine plant 
according to the fourth embodiment of the present 40 
invention; 

Fig. 10 is a system diagram schematically showing 
a fourth modified embodiment of the gas turbine 
plant according to the fourth embodiment of the 
present invention; 45 
Fig. 1 1 is a system diagram schematically showing 
a fifth modified embodiment of the gas turbine plant 
according to the fourth embodiment of the present 
invention; 

Fig. 12 is a system diagram schematically showing so 
a sixth modified embodiment of the gas turbine 
plant according to the fourth embodiment of the 
present invention; 

Fig. 13 is a system diagram schematically showing 
a seventh modified embodiment of the gas turbine ss 
plant according to the fourth embodiment of the 
present invention; 

Fig. 14 is a system diagram schematically showing 



an eighth modified embodiment of the gas turbine 
plant according to the fourth embodiment of the 
present invention; 

Fig. 15 is a system diagram schematically showing 
a gas turbine plant according to a fifth embodiment 
of the present invention; 

Fig. 16 is a system diagram schematically showing 
a gas turbine plant according to a sixth embodiment 
of the present invention; 

Fig. 17 is a system diagram schematically showing 
a gas turbine plant according to a seventh embodi- 
ment of the present invention; 
Fig. 18 is a system diagram schematically showing 
a gas turbine plant according to an eighth embodi- 
ment of the present invention; 
Fig. 19 is a system diagram schematically showing 
a first modified embodiment of the heat exchange 
section of the gas turbine plant according to the 
present invention; _ 
Fig. 20 is a system diagram schematically showing 
a second modified embodiment of the heat 
exchange section of the gas turbine plant according 
to the present invention; 

Fig. 21 is a system diagram schematically showing 
a gas turbine plant according to a ninth embodi- 
ment of the present invention; 
Fig. 22 is a system diagram schematically showing 
a gas turbine plant according to a tenth embodi- 
ment of the present invention; 
Fig. 23 is a system diagram schematically showing 
a modified embodiment of the gas turbine plant 
according to the tenth embodiment of the present 
invention; 

Fig. 24 is a system diagram schematically showing 
a gas turbine plant according to an eleventh 
embodiment of the present invention; 
Fig. 25 is a system diagram schematically showing 
a first modified embodiment of the gas turbine plant 
according to the eleventh embodiment of the 
present invention; 

Fig. 26 is a system diagram schematically showing 
a second modified embodiment of the gas turbine 
plant according to the eleventh embodiment of the 
present invention; 

Fig. 27 is a system diagram schematically showing 
a third modified embodiment of the gas turbine 
plant according to the eleventh embodiment of the 
present invention; 

Fig. 28 is a graph showing a comparative result in a 
plant heat efficiency between the gas turbine plant 
according to each embodiment of the present 
invention and the prior art; and 
Fig. 29 is a system diagram schematically showing 
a conventional gas turbine plant which combines a 
steam turbine plant and an exhaust heat recovery 
boiler. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0046] Embodiments of a gas turbine plant according 
to the present invention will be described hereunder 
with reference to the accompanying drawings and refer- 
ence numerals shown in these drawings. 
[0047] Fig. 1 is a system diagram schematically show- 
ing a gas turbine plant according to a first embodiment 
of the present invention. 

[0048] A gas turbine plant 7 includes an air compres- 
sor 8, a gas turbine combustor 9, a gas turbine 10, a 
driven equipment 1 1 such as a generator, and a fuel 
section 12. 

[0049] In the gas turbine plant 7, an air AR sucked in 
the air compressor 8 is made high in pressure, and the 
high pressure air (highly pressurized air) is supplied to 
the gas turbine combustor 9 together with a fuel F from 
the fuel section 12. A gas turbine driving combustion 
gas (main f taw gas) generated by the gas turbine com- 
bustor 9 is supplied to the gas turbine 10, and then, the 
gas turbine combustion gas is expanded so as to rotate 
and drive the driven equipment 1 1 with a rotating torque 
generated in the expanding process. 
[0050] On the other hand, the fuel section 1 2 includes 
a fuel tank 13, a fuel pump 14. and a fuel valve 15, and 
in this structure, the fuel section 12 may be called a fuel 
supply section or system. A heat exchange section 
(heat exchanger or heat exchanging unit) 16 is provided 
for the air compressor 8. The fuel F from the fuel tank 1 3 
is pressurized by the fuel pump 1 4, and then, a flow rate 
of the fuel F is controlled by the fuel valve 15. Thereaf- 
ter, a high pressure air (highly pressurized air) of the air 
compressor 8 makes heat exchange in the heat 
exchange section 16 so as to be used as a heating 
source, and at this time, the fuel F is increased in its 
quantity of heat (energy) and is supplied to the gas tur- 
bine combustor 9. Incidentally, a recent air compressor 
has a pressure ratio of 15 or more, and a high pressure 
air temperature of 400°C or more corresponding to the 
pressure ratio. Therefore, the air compressor can be 
sufficiently used as a heating source with respect to a 
temperature for heating fuel, that is, about 350 °C. 
[0051] As described above, in this first embodiment, 
when heating the fuel F, the high pressure air of the air 
compressor 8 is used as a heating source. Thus, the 
heating source can be readily obtained, and a flow rate 
of fuel can be relatively reduced without giving any influ- 
ence to other constituent equipments as compared with 
the conventional case, and therefore, a plant heat effi- 
ciency can be improved. 

[0052] Fig. 2 is a diagram schematically showing a 
modified embodiment of the heat exchange section 16 
according to the present invention. In this case, like ref- 
erence numerals are used to designate the same com- 
ponents as the first embodiment or the corresponding 
part, and the overlapping explanation is omitted. 
[0053] The heat exchange section 1 6 of this embodi- 



ment is provided at a casing 1 7 of the air compressor 8. 
The heat exchange section 16 is constructed in the fol- 
lowing manner. More specifically as shown in Fig. 3, an 
outer cover 18 is formed concentrically with the casing 
5 1 7 of the air compressor 8 so as to form a fuel passage 
1 9, and one side of the fuel passage 1 9 is provided with 
a fuel inlet 22 and a fuel outlet 23. Further, the other 
side of the fuel passage 19 is provided with a connect- 
ing pipe 21, and a high pressure air passing through air 
10 compressor stationary blades 24 is used as a heating 
source so as to heat the fuel F passing through the fuel 
passage 19. Incidentally, a reference numeral 20 
denotes a flange, and a reference numeral 25 denotes 
a rotary shaft (rotor). 
15 [0054] In this embodiment, even though the heat 
exchange section 1 6 is provided on the casing 1 7 of the 
air compressor 8, the temperature of high pressure air is 
high as described above, so that the fuel F can be suffi- 
ciently and preferably heated. 
20 [0055] Fig. 4 is a system diagram schematically show- 
ing a gas turbine plant according to a second embodi- 
ment of the present invention. Incidentally, like 
reference numerals are used to designate the same 
components as the first embodiment or the correspond- 
25 ing parts. 

[0056] In this embodiment, an air extraction closed 
(circuit) system 26 is provided at an outlet or a high 
pressure stage of the air compressor. The air extraction 
closed system 26 includes the heat exchanger section 

30 16, and a high pressure air which has been used for 
heating the fuel F is recovered to an inlet or a low pres- 
sure stage of the air compressor 8. 
[0057] As described above, in this embodiment, the 
fuel F is heated with the utilization of the air extraction of 

35 the air compressor 8, and the extracted air is recovered 
to the air compressor 8. Therefore, a heating source is 
effectively used, so that a plant heat (thermal) efficiency 
can be improved. 

[0058] Fig. 5 is a diagram schematically showing a 
40 gas turbine plant according to a third embodiment of the 

present invention. Incidentally, like reference numerals 

are used to designate the same components as the first 

embodiment or the corresponding parts. 

[0059] In this embodiment, the heat exchange section 
45 1 6 is provided at an exhaust gas system 27 on an outlet 

side of the gas turbine 10. 

[0060] In general, in an open cycle gas turbine, a gas 
turbine driving gas (main flow gas) expanded in the gas 
turbine 10 is discharged into atmosphere. The tempera- 
so ture of the exhaust gas (exhaust heat) is about 600°C 
and is extremely high. 

[0061] In this embodiment, the high temperature 
exhaust gas has been taken into consideration. The 
exhaust gas from the gas turbine 10 is used as a heat- 
55 ing source, and then, the fuel F from the fuel section 1 2 
is heated in the heat exchange section 16. 
[0062] As described above, in this entxxJiment. a 
heat of the exhaust gas from the gas turbine 10 is effec- 
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tively used, and a quantity of heat of the fuel F is made 
high, and thus, the fuel flow rate is relatively reduced as 
compared with the conventional case. Therefore, a plant 
heat efficiency can be greatly improved as compared 
with the conventional case. 5 
[0063] Fig. 6 is a system diagram schematically show- 
ing a gas turbine plant according to a fourth embodi- 
ment of the present invention. Incidentally, like 
reference numerals are used to designate the same 
components as the first embodiment or the correspond- 10 
ing parts. 

[0064] In this embodiment, the following matter has 
been taken into consideration. More specifically, when 
reusing a high pressure air which has been used for 
heating the fuel F for cooling high temperature sections is 
31a and 31b of the gas turbine 10, the high pressure air 
preferably flows depending upon magnitudes of presser 
losses in these high temperature sections 31a and 31b. 
There is provided a high pressure air supply system 29 
which is Bypassed to a air fe^f system 28 for supplying 20 
a high pressure air from the outlet side of the air com- 
pressor 8 to the gas turbine combustor 9. The high pres- 
sure air supply system 29 is provided at its intermediate 
portions with the heat exchange section 16 of the fuel 
section 12 and flow distributing devices 30a and 30b, 25 
and the high pressure air supply system 29 is divided 
into a first high pressure air supply system 29a and a 
second high pressure air supply system 29b. Each of 
the first and second supply systems 29a and 29b are 
connected to the high temperature sections 31a and 30 
31b of the gas turbine 10, for example, to gas turbine 
stationary blades and gas turbine rotating blades, etc. 
Further, there is provided a high pressure air recovery 
system 32 which recovers the overall quantity or a part 
of the high pressure air which has been used for cooling 35 
the high temperature sections 31a and 31b of the gas 
turbine to the air compressor 8. In this case, although 
the high pressure air supply system 29 is bypassed 
from the air feed system 26. it may be provided at an 
intermediate stage of the air compressor 8. Moreover, 40 
two high temperature section 31a and 31b of the gas 
turbine 10 are shown as an example. Two or more high 
temperature sections may be provided. The flow distrib- 
uting devices 30a and 30b are constituted specifically 
as flow control valves or orifices. In the case of using the 45 
orifices, a hole diameters of the orifices are set so as to 
meet with flow rates required for the high temperature 
sections 31a and 31b. 

[0065] In this embodiment the fuel F from the fuel 
section 1 2 is heated by the high pressure air from the air so 
compressor 8, and after the fuel F is heated, the high 
temperature sections 31a and 31b of the gas turbine 10 
are cooled by the high pressure air whose temperature 
becomes low. Further, the overall quantity or part of the 
high pressure air which has been used for cooling is ss 
recovered to the air compressor 8. so that heat can be 
effectively used. Therefore, a plant heat efficiency is 
improved, and it is possible to maintain a material 



strength of the high temperature sections 31a and 31b 
of the gas turbine 1 0 while the gas turbine plant 7 being 
made high temperature. 

[0066] Fig. 7 is a system diagram schematically show- 
ing a first modified embodiment of the gas turbine plant 
according to the fourth embodiment of the present 
invention. In this case, like reference numerals are used 
to designate the same components as the fourth 
embodiment or the corresponding part. 
[0067] In this embodiment, the high pressure air which 
has been used for cooling the high temperature sec- 
tions 31a and 31b of the gas turbine 10 is joined 
together with a gas turbine driving gas G (main flow 
gas). 

[0068] In this embodiment, the high pressure air which 
has been used for cooling the high temperature sec- 
tions 31a and 31b of the gas turbine 10 is joined 
together with a gas turbine driving gas G so as to 
increase the driving gas G. Thus, there is an expansion 
work of the gas turbine 10 is increased, being advanta- 
geous. 

[0069] Fig. 8 is a system diagram schematically show- 
ing a second modified embodiment of the gas turbine 
plant according to the fourth embodiment of the present 
invention. In this case, like reference numerals are used 
to designate the same components as the fourth 
embodiment or the corresponding part. 
[0070] In this embodiment, there is provided the high 
pressure air recovery system 32 for recovering the high 
pressure air which has been used for cooling the high 
temperature sections 31a and 31b of the gas turbine 10 
from the first high pressure air supply system 29a and 
the second high pressure air supply system 29b to the 
air compressor 8. The high pressure air recovery sys- 
tem 32 is divided into a first high pressure air recovery 
system 32a and a second high pressure air recovery 
system 32b. The first high pressure air recovery system 
32a and the second high pressure air recovery system 
32b are connected to a relatively high pressure stage of 
the air compressor 8 and to a relatively low pressure 
stage of the air compressor 8. respectively. 
[0071 ] As described above, in this embodiment, when 
recovering the overall quantity or part of the high pres- 
sure air which has been used for cooling the high tem- 
perature sections 31a and 31b of the gas turbine 10 to 
the air compressor 8 via each of the recovery systems 
32a and 32b, the high pressure air is recovered so as to 
meet with a pressure level of a driving air of the air com- 
pressor 8. Thus, even if a pressure difference differs 
between the high temperature sections 31a and 31b of 
the gas turbine 10, the high pressure air of a proper 
quantity can be allowed to flow. 

[0072] Fig. 9 is a system diagram schematically show- 
ing a third modified embodiment of the gas turbine plant 
according to the fourth embodiment of the present 
invention. In this case, like reference numerals are used 
to designate the same components as the fourth 
embodiment or the corresponding part. 
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[0073] In this embodiment, a pressure rising compres- 
sor 33 is provided in the high pressure air supply system 
29 which is divided into the first high pressure air supply 
system 29a and the second high pressure air supply 
system 29b. In the heat exchange section 16 of the fuel 
section 12, the high pressure air from the air compres- 
sor 8 is used as a heating source to heat the fuel F, and 
then, the high pressure air whose temperature becomes 
low is made high in pressure and is supplied as a cool- 
ing medium for cooling the high temperature sections 
31a and 31b of the gas turbine 10. 
[0074] As described above, in this embodiment, the 
high pressure air whose temperature and pressure 
become low, which has been used for cooling the fuel F 
is elevated in its pressure by the pressure rising com- 
pressor 33, so that the high pressure air can be securely 
supplied to the high temperature sections 31a and 31b 
of the gas turbine 10. Therefore, the high terrperature 
sections 31a and 31b of the gas turbine 10 can be 
securely cooled. 

[0075] Fig. 10 is a system diagram schematically 
showing a fourth modified embodiment of the gas tur- 
bine plant according to the fourth embodiment of the 
present invention. In this case, like reference numerals 
are used to designate the same components as the 
fourth embodiment or the corresponding part. 
[0076] In this embodiment, the pressure rising com- 
pressor 33 is provided in the high pressure air supply 
system 29 which is divided into the first high pressure 
air supply system 29a and the second high pressure air 
supply system 29b, and further, there is provided the 
high pressure air recovery system 32 for recovering the 
overall quantity or part of high pressure air which has 
been used for cooling the high temperature sections 
31a and 31b of the gas turbine 10 to the air compressor 
8. The high pressure air recovery system 32 is divided 
into a first high pressure air recovery system 32a and a 
second high pressure air recovery system 32b. 
[0077] As described above, in this embodiment, the 
high pressure air supply system 29 is provided with the 
pressure rising compressor 33, and the fuel F is heated 
by the heat exchange section 16 of the fuel section 12, 
and further, the high pressure air whose temperature 
becomes low is heightened in its pressure, and thus, is 
supplied to the high temperature sections 31a and 31b 
of the gas tuibine 10 as a cooling medium for cooling 
them. Then, the overall quantity or part of the high pres- 
sure air whose pressure becomes low which has been 
used for cooling the high temperature sections 31a and 
31b of the gas turbine 10, is recovered to the air com- 
pressor 8 via the high pressure air recovery system 32 
divided into the first high pressure air recovery system 
32a and the second high pressure air recovery system 
32b. Therefore, a heat of the high pressure air of the air 
compressor 8 is effectively used, so that a plant heat 
efficiency can be improved as compared with the con- 
ventional case. 

[0078] Fig. 1 1 is a system diagram schematically 



showing a fifth modified embodiment of the gas turbine 
plant according to the fourth embodiment of the present 
invention. In this case, like reference numerals are used 
to designate the same components as the fourth 
5 embodiment or the corresponding part. 

[0079] In this embodiment, the high pressure air sup- 
ply system 29 is divided into the first high pressure air 
supply system 29a and the second high pressure air 
supply system 29b, and these supply systems 29a and 
10 29b are individually provided with a first pressure rising 
compressor 33a and a second pressure rising compres- 
sor 33b. Further, the second high pressure air supply 
system 29b is bypassed from an outlet side of the first 
pressure rising compressor 33a. 
is [0080] As described above, in this embodiment, these 
supply systems 29a and 29b are individually provided 
with the first pressure rising compressor 33a and the 
second pressure rising compressor 33b. and further, 
the second high pressure -sir supply system 29b is 
20 bypassed from the outlet side of the first pressure rising 
compressor 33a. Thus, the fuel F is heated by the heat 
exchange section 16 of the fuel section 1 2, and it is pos- 
sible to securely supply the high pressure air whose 
temperature becomes low to the high temperature sec- 
25 tions 31a and 31b. Therefore, each of the high terrper- 
ature sections 31a and 31b can be securely cooled. 
[0081] Fig. 12 is a system diagram schematically 
showing a sixth modified embodiment of the gas turbine 
plant according to the fourth embodiment of the present 
30 invention. In this case, like reference numerals are used 
to designate the same components as the fourth 
embodiment or the corresponding part. 
[0082] In this embodiment, the high pressure air sup- 
ply system 29 is divided into the first high pressure air 
35 supply system 29a and the second high pressure air 
supply system 29b which are arranged in parallel. In 
these supply systems 29a and 29b, the first high pres- 
sure air supply system 29a is provided with the first 
pressure rising compressor 33a, and the second high 
40 pressure air supply system 29b is provided with the sec- 
ond pressure rising compressor 33b. 
[0083] In this embodiment, these supply systems 29a 
and 29b are provided with the pressure rising compres- 
sors 33a and 33b, respectively. Thus, like the fifth mod- 
45 if ied embodiment of the fourth embodiment, the fuel F is 
heated by the heat exchange section 16 of the fuel sec- 
tion 12, and it is possble to securely supply the high 
pressure air whose temperature becomes low to the 
high temperature sections 31a and 31b. Therefore, it is 
so possible to sufficiently meet with the gas turbine 10 of 
the gas turbine plant 7 heated to a high temperature. 
[0084] Fig. 13 is a system diagram schematically 
showing a seventh modified embodiment of the gas tur- 
bine plant according to the fourth embodiment of the 
55 present invention. In this case, like reference numerals 
are used to designate the same components as the 
fourth embodiment or the corresponding part. 
[0085] In this erribodiment, the following matter is 
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taken into consideration. Specifically, a pressure loss in 
the high pressure air passing through the high tempera- 
ture section 31b situated on a low pressure stage of the 
gas turbine 10, is relatively small. The high pressure air 
supply system 29 is divided into the first high pressure 
air supply system 29a and the second high pressure air 
supply system 29b which are arranged in parallel, and 
only the first high pressure air supply system 29a is pro- 
vided with the pressure rising compressor 33. Further, 
there is provided the high pressure air recovery system 
32 for recovering the overall quantity or part of the high 
pressure air which has been used for cooling the high 
temperature sections 31a and 31b of the gas turbine 1 0 
to the air compressor 8. Then, the high pressure air 
recovery system 32 is divided into the first high pressure 
air recovery system 32a and the second high pressure 
air recovery system 32b. The first high pressure air 
recovery system 32a and the second high pressure air 
recovery system 32b are connected to a high pressure 
stage side of the air cbmpresisor 8 and to a low pressure" 
stage side of the air compressor 8, respectively. 
[0086] Therefore, in this embodiment, the fuel F is 
heated by the heat exchange section 16 of the fuel sec- 
tion, and the high pressure air whose temperature 
becomes low can be securely supplied to the high tem- 
perature sections 31a and 31b of the gas turbine 10. 
Further, when, recovering the overall quantity or part of 
the high pressure air which has been used for cooling 
the high temperature sections 31a and 31b of the gas 
turbine 10, the high pressure air can be preferably 
recovered without giving a fluctuation to a driving air of 
the air compressor 8. 

[0087] Fig. 14 is a system diagram schematically 
showing an eighth modified embodiment of the gas tur- 
bine plant according to the fourth embodiment of the 
present invention. In this case, like reference numerals 
are used to designate the same components as the 
fourth embodiment or the corresponding part. 
[0088] In this embodiment, the high pressure air sup- 
ply system 29 is divided into the first high pressure air 
supply system 29a and the second high pressure air 
supply system 29b, and the pressure rising compressor 
33 is provided so as to correspond to the inlets of the 
divided first high pressure air supply system 29a and 
second high pressure air supply system 29b. There are 
further provided the high pressure air recovery system 
32 for recovering the overall quantity or part of the hiyh 
pressure air from the first high pressure air supply sys- 
tem 29a which has been used for cooling the high tem- 
perature section 31a on a relatively high pressure stage 
side of the gas turbine 10 to the outlet side of the air 
compressor 8, and a cooling recovery system 24 for 
recovering the overall quantity or part of the high pres- 
sure air from the second high pressure air supply sys- 
tem 29b which has been used for cooling the high 
temperature section 31b on a relatively low pressure 
stage side of the gas turbine 10, to the inlet side of the 
heat exchange section 16 of the fuel section 12. 
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[0089] As described above, in this embodiment, the 
high pressure air supply system 29 is provided with the 
pressure rising compressor 33, and the outlet side of 
the pressure rising compressor 33 is divided into the 
first high pressure air supply system 29a and the sec- 
ond high pressure air supply system 29b. Further, the 
fuel F is heated by the heat exchange section 16 of the 
fuel section 12, and then, the high pressure air whose 
temperature becomes low is elevated in its pressure by 
the pressure rising compressor 33, and thus, is supplied 
to the high temperature sections 31a and 31 b of the gas 
turbine 10 via the respective high pressure air supply 
systems 29a and 29b. Furthermore, the overall quantity 
or part of the high pressure air which has been used for 
cooling the high temperature sections 31a and 31b of 
the gas turbine 10 is recovered to the air compressor 8 
via the high pressure air recovery system 32, and then, 
the overall quantity or part of the high pressure air after 
cooling them is recovered to the inlet side of the heat 
exchange section 16 via the cooling recovery system 
34. Therefore, a heat is effectively used, so that a plant 
heat efficiency can be greatly improved more than con- 
ventional case. 

[0090] Fig. 15 is a system diagram schematically 
showing a gas turbine plant according to a fifth embodi- 
ment of the present invention. In this case, like refer- 
ence numerals are used to designate the same 
components as the first embodiment or the correspond- 
ing part 

[0091] In this embodiment, there is provided the high 
pressure air supply system 29 which is constructed in 
such a manner that an air supply system 28 for supply- 
ing the high pressure air from the air compressor 8 to 
the gas turbine combustor 9, is bypassed thereto. The. 
high pressure air supply system 29 is provided with the 
heat exchange section 16 of the fuel section 12, and a 
heat utilizing device 36, for example, a heat exchange 
section 37 for co-generation heat recovery device. The 
high pressure air supply system 29 is further provided 
with flow distributing devices 30a and 30b so as to be 
divided into the first high pressure air supply system 29a 
and the second high pressure air supply system 29b. 
The divided first and second high pressure air supply 
systems 29a and 29b are connected to the high temper- 
ature sections 31a and 31b of the gas turbine 10. 
respectively. 

[0092] Accorcfing to the construction of this embodi- 
ment mentioned above, a part of the high pressure air 
supplied from the air supply system 28 of the air com- 
pressor 8 to the gas turbine combustor 9 is distributed to 
the high pressure air supply system 29, and then, the 
fuel F supplied from the fuel section 12 to the gas tur- 
bine combustor 9 is heated by the heat exchange sec- 
tion 16. Next a medium to be heated from the heat 
utilizing device 36. for example, a cooling water, is 
heated by the heat exchange section 37 for heat utiliz- 
ing device, and further, cools the high temperature sec- 
tions 31a and 31b of the gas turbine 10 via the flow 
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distributing devices 30a and 30b of the first and second 
high pressure air supply systems 29a and 29b, and 
thereafter, is recovered from the high temperature sec- 
tions 31a and 31b to the air compressor 8 via the high 
pressure air recovery system 32. 
[0093] As described above, in this embodiment, a part 
of the high pressure air supplied from the air supply sys- 
tem 28 of the air compressor 8 to the gas turbine com- 
bustor 9 is bypassed, and then, the bypassed high 
pressure air is used as a heating source so that the fuel 
F from the fuel section 12 is heated in the heat 
exchange section 16. Next, the medium to be heated 
from the heat utilizing device 36 is heated in the heat 
exchange section 37, and finally, the high pressure air 
whose temperature becomes low is used as a cooling 
source so that the high tenperature sections 31a and 
31b of the gas turbine 10 can be cooled. Therefore, the 
heat of the high pressure air can be effectively used for 
multi-purpose. 

[0094] Fig. 16 is a system diagram schematically 
showing a gas turbine plant according to a sixth embod- 
iment of the present invention. In this case, like refer- 
ence numerals are used to designate the same 
components as the first embodiment or the correspond- 
ing part. 

[0095] In this embodiment, an air extraction closed 
system 35 is provided on a high pressure stage side of 
the air compressor 8. The air extraction closed system 
35 is provided with the heat exchange section 16 of the 
fuel section 12, and the heat utilizing device 36, for 
example, the heat exchange section 37 for co-genera- 
tion heat utilizing device. Then, the high pressure air 
from the air compressor 8 is used as a heating source 
so that the fuel F from the fuel section is heated in the 
heat exchange section 16. Further, a medium to be 
heated from the heat utilizing device 36, for example, a 
cooling water CW, is heated in the heat exchange sec- 
tion 37 for the heat utilizing device, and then, the high 
pressure air is recovered to the air compressor 8. 
[0096] As described above, in this embodiment, the 
air compressor 8 is provided with the air extraction 
closed system 35, and the air extraction closed system 
35 is provided with the heat exchange section 16 of the 
fuel section 12, the heat utilizing device 36 and the heat 
exchange section 37 for the heat utilizing device. Fur- 
ther, the high pressure air extracted from the air com- 
pressor 8 is used as a heating source so that the fuel F 
from the fuel section 12 is heated in the heat exchange 
section 16, and then, a medium to be heated from the 
heat utilizing device 36 is heated in the heat exchange 
section 37 for heat utilizing device. Therefore, the heat 
of high pressure air can be effectively used for multi-pur- 
pose. 

[0097] Fig. 17 is a system diagram schematically 
showing a gas turbine plant according to a seventh 
embodiment of the present invention. In this case, like 
reference numerals are used to designate the same 
components as the first embodiment or the correspond- 



ing part. 

[0098] In this embod ment, the gas turbine plant 7 is 
combined with a steam turbine plant 38, and an exhaust 
gas system 39 of the gas turbine 10 is provided with a 
5 first exhaust heat recovery heat exchanger 44 and a 
second exhaust heat recovery heat exchanger 43 of the 
steam turbine plant 38, and the heat exchange section 
1 6 of the fuel section 1 2. 

[0099] The steam turbine plant 38 is a so-called sin- 
10 gle-shaft type which is constructed in such a manner 
that the gas turbine 10 is connected in shaft directly to a 
steam turbine 40 via a driven equipment 1 1 , for exam- 
ple, a generator. Further, the steam turbine plant 38 is 
formed as a closed circuit system including a condenser 
15 41, a pump 42, the second exhaust heat recovery heat 
exchanger 43 and the first exhaust heat recovery heat 
exchanger 44. A feed water supplied from the pump 42 
is heated (preheated) by the second exhaust heat 
recovery hea**exehanger 43 with the use of an exhaust 
20 gas (exhaust heat) discharged from the exhaust gas 
system 39 of the gas turbine 10 to atmospheric air as a 
heating source. Further, the heated water is heated by 
the first exhaust heat recovery heat exchanger 44 using 
the exhaust gas of the heat exchanger 43 as a heating 
25 source, and thereby, the heated water is made into a 
steam, and the steam is supplied to the steam turbine 
40. and thus, a power is generated. In this embodiment, 
the heat exchanger section 16 has been disposed 
between the first exhaust heat recovery heat exchanger 
30 44 and the second exhaust heat recovery heat 
exchanger 43, as an example. The heat exchanger sec- 
tion 1 6 may be disposed on an upstream side of the first 
exhaust heat recovery heat exchanger 44 or may be 
disposed on a downstream side of the second exhaust 
35 heat recovery heat exchanger 43. 

[0100] As described above, in this embodiment, the 
exhaust gas system 39 of the gas turbine 1 0 is provided 
with the first exhaust heat recovery heat exchanger 44 
and the second exhaust heat recovery heat exchanger 
40 43 of the steam turbine plant 38 and the heat exchange 
section 16 of the fuel section 12 so as to generate a 
steam and heat the fuel F, and the heat of exhaust gas 
is sufficiently used. Therefore, a plant heat efficiency 
can be greatly improved by a small quantity of fuel as 
45 compared with the conventional case. 

[0101] Fig. 18 is a system diagram schematically 
showing a gas turbine plant according to an eighth 
embodiment of the present invention. In this case, like 
reference numerals are used to designate the same 
50 components as the first embodiment or the correspond- 
ing part. 

[01 02] In this eighth embodiment, the following matter 
is taken into consideration. More specifically, when the 
high pressure air extracted from the air compressor 8 is 
55 used as a heating source and the fuel F is heated in the 
heat exchange section 16 of the fuel section 12, in the 
case where the fuel F leaks into the high pressure air, 
this is a factor of causing an accident. For this reason, 
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the heat exchange section 16 is provided with a fuel 
leak detector 45, a valve opening control section 46, an 
alarm device 47 and a fuel leak display device (indica- 
tor) 48. 

[0103] The valve opening control section 46 is con- 
structed so as to close a fuel valve 15 if a fuel leak sig- 
nal detected by the fuel leak detector 45 exceeds a 
predetermined value. The alarm device 47 also gives 
the alarm if a fuel leak signal detected by the fuel leak 
detector 45 exceeds a predetermined value The fuel 
leak display 48 displays a leaked fuel concentration 
detected by the fuel leak detector 45 so that a worker 
can visibly confirm the fuel leakage. 
[0104] As described above, in this embodiment, if the 
leakage of fuel F exceeds a predetermined value, the 
alarm is given, and further, the fuel valve 15 is automat- 
ically dosed. Therefore, the gas turbine combustor 9 
can be safely operated without operating the gas turbine 
combustor 9 in a state that the fuel leaks. 
[0105] Fig. 19 is a view^s&iernatically showingTa first 
modified embodiment of the heat exchange section 16 
in the gas turbine plant according to the present inven- 
tion. 

[0106] In general, in the heat exchange section 16, a 
fuel flows through a heat-transfer pipe, and a heating 
medium flows outside the heat-transfer pipe. In the heat 
exchange section 16 of this embodiment, a fuel leakage 
from the heat-transfer pipe is taken into consideration. 
More specifically, the heat exchange section 16 is 
divided into a first heat exchange section 49 and a sec- 
ond heat exchange section 50. Further, a high tempera- 
ture heating medium HG flows through the first heat 
exchange section 49 while an intermediate heating 
medium IG, for example, an inert gas such as nitrogen 
gas or the like being supplied to the second heat 
exchange section 50 so that the fuel F is heated. Then, 
the intermediate heating medium IG heated the fuel F is 
circulated into the first heat exchange section 49 via a 
pump 51. 

[01 07] As described above, the heat exchange section 
16 of this embodiment is divided into the first heat 
exchange section 49 and the second heat exchange 
section 50, and the fuel F is heated by the intermediate 
heating medium K3. Thus, even in the event that a fuel 
leakage occurs in the second heat exchange section 
50, it is possible to prevent an accident such as explo- 
sion or the like, and there is no danger as compared 
with the conventional indirect heat exchanger, thus 
being advantageous. 

[0108] Fig. 20 is a view schematically showing a sec- 
ond modified embodiment of the heat exchange section 
16 in the gas turbine plant according to the present 
invention. The heat exchange section 16 of this embod- 
iment is divided into a high temperature chamber 52 
and a low temperature chamber 53 and is attached with 
a heat pipe 54 in a manner of crossing these chambers 
52 and 53. The high temperature heating medium HG 
supplied to the high temperature chamber 52 heats the 
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heat pipe 54, and then, the heat is transferred to the fuel 
F of the low temperature chamber 53 so as to heat the 
fuel F. Thus, even in the event that a fuel leakage 
occurs, there is no possibility of explosion, so that a safe 
operation of the heat exchange section 16 can be 
securely performed. 

[0109] Fig. 21 is a system diagram schematically 
showing a gas turbine plant according to a ninth embod- 
iment of the present invention. In this case, like refer- 
ence numerals are used to designate the same 
components as the first embodiment or the correspond- 
ing part 

[01 10] In this ninth embodiment, the high pressure air 
discharged from the air compressor 8 via a discharged 
air system is used as a heating source for heating the 
fuel F of the fuel section 12. A check valve 56 and the 
heat exchange section 16 of the fuel section 12 are 
bypassed from the midway of the discharged air system 
> 55, jand thus, there js provided a discharged air recov- 
ery system 57 connected to a low pressure state of the 
air compressor 8 or to an outlet thereof. 
[01 1 1 ] The discharged air system 55 includes a dis- 
charged air valve 58. The discharged air valve 58 
includes a valve opening control section 59. The valve 
opening is computed (operated) by the valve opening 
control section 59 on the basis of at least one or more 
signals of a rotational speed signal from a rotational 
speed detector 61 which detects a rotational speed of a 
gas turbine shaft 60 and an operating signal from a 
power detector 62 which detects a power of the driven 
equipment 1 1 . In this manner, a control for opening and 
closing the valve is made on the basis of the operational 
signal. 

[01 12] As described above, in this embodiment, a flow 
rate of the high pressure air cfischarged from the air 
compressor 8 to the atmospheric air via the discharged 
air system 55 is controlled by the discharged air valve 
58, and then, the high pressure air thus controlled in the 
flow rate is used as a heating source so that the fuel F 
of the fuel section 12 is heated in the heat exchange 
section 16 provided in the discharge air recovery sys- 
tem 57, and thus, is recovered to the air compressor 8. 
Therefore, the heat is effectively used, so that a plant 
heat efficiency can be improved as compared with the 
conventional case. 

[0113] Fig. 22 is a system diagram schematically 
showing a gas turbine plant according to a tenth embod- 
iment of the present invention. In this case, like refer- 
ence numerals are used to designate the same 
components as the first embodiment or the correspond- 
ing part. 

[0114] In this tenth embodiment, the following matter 
is taken into consideration. More specifically, in the case 
where an accident happens in a driving source of the 
pressure rising compressor 33 provided in the high 
pressure air supply system 29 divided into the first high 
pressure air supply system 29a and the second high 
pressure air supply system 29b. and then, the pressure 
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rising compressor 33 is not operated, the high pressure 
air from the air compressor 8 is not supplied to the high 
temperature sections 31a and 31b of the gas turbine 10 
in order to cool these high temperature sections. Thus, 
the pressure rising compressor 33 is connected directly 
to the gas turbine shaft 60. 

[0115] As described above, in this embodiment, the 
pressure rising compressor 33 is connected directly to 
the gas turbine shaft 60. Thus, the fuel F from the fuel 
section 12 is heated in the heat exchange section 16 
using the high pressure air from the air compressor 8. 
and the high pressure air whose temperature becomes 
low is securely supplied to the high temperature sec- 
tions 31a and 31b of the gas turbine 10 via the flow dis- 
tributing devices 30a and 30b as a cooling medium for 
cooling these high temperature sections. Therefore, the 
gas turbine 10 can be safely operated. 
[0116] Fig. 23 is a system diagram schematically 
showing a modified embodiment of the gas turbine plant 
according to the tenth embodiment of the present inven- 
tion. In this case, like reference numerals are used to 
designate the same components as the tenth embodi- 
ment or the corresponding part. 

[0117] In this embodiment, the pressure rising com- 
pressor 33 is provided in the high pressure air supply 
system 29 divided into the first high pressure air supply 
system 29a and the second high pressure air supply 
system 29b, and the pressure rising compressor 33 is 
connected to the gas turbine shaft 60 via a power trans- 
mission mechanism section 63. Either one of gear or 
torque converter is selected as the power transmission 
mechanism section 63. 

[0118] In this embodiment, the pressure rising com- 
pressor 33 supplies the high temperature air from the air 
compressor 8 heating the fuel F in the heat exchange 
section 16 of the fuel section 12 to the high temperature 
sections 31a and 31b of the gas turbine as a cooling 
medium for cooling these high temperature sections. 
The pressure rising compressor 33 is connected to the 
gas turbine shaft 60 via the power transmission mecha- 
nism section 63 so as to be driven by a rotating torque 
of the gas turbine shaft 60. Therefore, the pressure ris- 
ing compressor 33 can be securely driven. 
[0119] Fig. 24 is a system diagram schematically 
showing a gas turbine plant according to an eleventh 
embodiment of the present invention. In this case, like 
reference numerals are used to designate the same 
components as the first and fourth embodiments or the 
corresponding part. 

[0120] In this eleventh embodiment, the following mat- 
ter is taken into consideration. More specifically, the 
high pressure air extracted from the intermediate stage 
of the air compressor 8 is supplied to the heat exchange 
section 16 of the fuel section 12 via the high pressure air 
supply system 29 so as to heat the fuel F, and then, the 
high pressure air whose temperature becomes low is 
supplied to the high temperature sections 31a and 31b 
of the gas turbine 10 as a cooling medium for cooling 



these high temperature sections via the pressure rising 
compressor 33, the check valve 64, the flow distributing 
devices 30a and 30b. In such a case, if the high pres- 
sure air of a proper quantity is not supplied to the high 
s temperature sections 31a and 31b of the gas turbine 10 
in accordance with various operating conditions, these 
high temperature sections 31a and 31b are burnt. Fur- 
ther, if the pressure ratio of the pressure rising compres- 
sor 33 is not kept at a proper value, surging is caused, 
10 and for this reason, the pressure rising compressor 33 
becomes a danger state. Thus, in order to avoid the 
above disadvantage, a re-circulation system 65 is pro- 
vided between the outlet side of the pressure rising 
compressor 33 and the inlet side of the check valve 64 
is so that a part of the high pressure air can be circulated. 
[0121] In the re-circulation system 65, a bypass is 
made between the outlet side of the pressure rising 
compressor 33 and the inlet side of the check valve 64, 
and there is provided a recirculation valve 66 so that 
20 the re-circulation system 65 is connected to the inlet 
side of the heat exchange section 16. 
[0122] The re-circulation valve 66 includes a valve 
opening control section 67. The valve opening control 
section 67 calculates a pressure ratio of the pressure 
25 rising compressor 33 in response to a pressure signal 
from pressure instruments 68a and 68b provided on 
each of inlet and outlet sides of the pressure rising com- 
pressor 33. a temperature signal from a thermometer 
69 provided on the high pressure air recovery system 
30 32, a rotational speed signal from the rotational speed 
detector 61 provided on the gas turbine shaft 60, and a 
power signal from the power detector 62 provided on 
the driven equipment 11. Further, the valve opening 
control section 67 computes the valve opening signal so 
35 that the pressure ratio becomes a specified value deter- 
mined by at least one of the rotational speed of the gas 
turbine shaft 60, the power signal of the driven equip- 
ment 1 1 , and a high pressure air signal of the high pres- 
sure air recovery system 32, and then, supplies the 
40 operational signal to the re-circulation valve 66, and 
thus, performs a control for opening and closing the re- 
circulation valve. 

[01 23] As described above, according to this embodi- 
ment, in the transient state such as the rise-up of the 
45 rotational speed and the rise-up of load, a part of the 
high pressure air of the high pressure air supply system 
29 is circulated via the re-circulation system 65, and 
thus, the pressure ratio of the pressure rising compres- 
sor 33 is kept at a proper value, so that the high temper- 
so ature sections 31a and 31b of the gas turbine 10 can be 
securely cooled. 

[0124] Fig. 25 is a system diagram schematically 
showing a first modified embodiment of the gas turbine 
plant according to the eleventh embodiment of the 
55 present invention. In this case, like reference numerals 
are used to designate the same components as the 
eleventh embodiment or the corresponding part. 
[0125] In this embodiment, the following matter is 
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taken into consideration. More specifically, the high 
pressure air extracted from the intermediate stage of 
the air compressor 8 is supplied to the heat exchange 
section 1 6 of the fuel section 12 via the high pressure air 
supply system 29 so as to heat the fuel F, and then, the 5 
high pressure air whose temperature becomes low is 
supplied to the high temperature sections 31a and 31b 
of the gas turbine 10 as a cooling medium for cooling 
these high temperature sections via the pressure rising 
compressor 33, and the flow distributing devices 30a w 
and 30b. In such a case, the pressure rising compressor 
33 or a drive equipment 70 for pressure rising compres- 
sor is not operated due to any reasons. In order to avoid 
such disadvantage, the pressure rising compressor 33 
is provided with a pressure rising compressor bypass 15 
system 72 including a check valve 71 , and a discharge 
valve 73 is provided on an inlet side of a high pressure 
air recovery check valve 71a of the high pressure air 
recovery system 32. In this manner, the high tempera- 
ture sections 31a and 3 1 b of the gas turbine^ (Tare" con- 2 o 
tinuously cooled by a residual high pressure air of the 
air compressor 8 until the gas turbine plant 7 is stopped. 
[0126] If an accident happens in the pressure rising 
compressor 33 or the drive equipment 70 for the pres- 
sure rising compressor and the operation becomes 25 
impossible, the valve opening control section 67 com- 
putes a valve opening signal on the basis of the pres- 
sure signal from the pressure instruments 68a and 68b 
and the rotational speed signal from a pressure rising 
compressor rotational speed (frequency) detector 74, 30 
and then, transmits the operational signal to the dis- 
charge valve 73 and the fuel valve 15 of the fuel section 
12 so that the discharge valve 73 is opened while the 
fuel valve 1 5 being closed. When the discharge valve 73 
is opened, the air compressor 8 supplies the residual 35 
high pressure air to the high temperature sections 31a 
and 31b of the gas turbine 10 via the high pressure air 
supply system 29, the check valve 71 and the pressure 
rising compressor bypass system 72 so as to cool these 
high temperature sections 31 a and 31b. Thereafter, the 40 
residual high pressure air is discharged from the dis- 
charge valve 73 to the atmospheric air via the high pres- 
sure air recovery system 32. In this case, when the 
discharge valve 73 is fully opened, the pressure of the 
high pressure air passing through the high temperature 45 
sections 31a and 31b of the gas turbine 10lowers. How- 
ever, the high pressure air recovery check valve 71a is 
provided on the downstream side of the discharge valve 
73, and therefore, the residual high pressure air from 
the air compressor 8 does not conversely flow into the so 
discharge valve 73. 

[0127] As described above, in this embodiment, until 
an accident happens in the pressure rising compressor 
33 or in the pressure rising compressor drive equipment 
70 and the gas turbine plant 7 is stopped, the high pres- 55 
sure air remaining in the air compressor 8 is supplied to 
the high temperature sections 31a and 31b of the gas 
turbine 10 via the high pressure sir supply system 29, 



the check valve 71 and the pressure rising compressor 
bypass system 72 so that these high temperature sec- 
tions 31a and 31b are continuously cooled. Thus, it is 
possible to keep a material strength of these high tem- 
perature sections 31a and 31b of the gas turbine 10 at 
a preferable state, so that the lifetime of the material can 
be made long. 

[0128] Fig. 26 is a system diagram schematically 
showing a second modified embodiment of the gas tur- 
bine plant according to the eleventh embodiment of the 
present invention. In this case, like reference numerals 
are used to designate the same components as the 
eleventh embodiment or the corresponding part. 
[0129] In this embodiment, the following matter is 
taken into consideration. More specifically, the high 
pressure air extracted from the intermediate stage of 
the air compressor 8 is supplied to the heat exchange 
section 1 6 of the fuel section 12 via the high pressure air 
supply system 29 so as to heat the f F, and then, the 
high pressure air whose temperature becomes low is 
supplied to the high temperature sections 31a and 31b 
of the gas turbine 10 as a cooling medium for cooling 
these high temperature sections via the pressure rising 
compressor 33, the check valve 64 and the flow distrib- 
uting devices 30a and 30b. In such a case, the pressure 
rising compressor 33 or the drive equipment 70 for pres- 
sure rising compressor is not operated due to any rea- 
sons. In order to avoid such disadvantage, a flow control 
valve 75 and an accumulator 76 are provided on the 
outlet side of the check valve 64. The high temperature 
sections 31a and 31b of the gas turbine 10 are continu- 
ously cooled by an accumulated (stored) air of the accu- 
mulator 76 until the gas turbine plant 7 is stopped. 
[0130] If an accident happens in the pressure rising, 
compressor 33 or the drive equipment 70 for pressure 
rising compressor, and the operation is impossible, the 
valve opening control section 67 computes a valve 
opening signal on the basis of the pressure signal from 
the pressure instruments 68a and 68b and the rota- 
tional speed signal from a pressure rising compressor 
rotational speed detector 74, and then, transmits the 
operational signal to the discharge valve 73 provided on 
the inlet side of the high pressure air recovery check 
valve 71a of the high pressure air recovery system 32, 
the fuel valve 1 5 of the fuel section 1 2 and the flow con- 
trol valve 75 so that the fuel valve 15 is closed while the 
discharge valve 73 and the flow control valve 75 being 
opened. 

[01 31] As described above, in this embodiment, until 
an accident happens in the pressure rising compressor 
33 or in the pressure rising compressor drive equipment 
70 and the gas turbine plant 7 is stopped, the accumu- 
lated air of the accumulator 76 is supplied to the high 
temperature sections 31a and 31b of the gas turbine 10 
as a back-up. Thus, it becomes possible to keep the 
material strength for a long term without giving a dam- 
age to the material of these high temperature sections 
31a and 31b. 
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[0132] Fig. 27 is a system diagram schematically 
showing a third modified embodiment of the gas turbine 
plant according to the eleventh embodiment of the 
present invention. In this case, like reference numerals 
are used to designate the same components as the 5 
eleventh embodiment or the corresponding part. 
[0133] In this embodiment, like the first and second 
modified embodiment in the eleventh embodiment, the 
accident is taken into consideration. More specifically, 
discharge valves 77a and 77b are provided on the high 10 
pressure air supply system 29 on the inlet side of the 
heat exchange section 16 and the high pressure air 
supply system 29 on the outlet side of the pressure ris- 
ing compressor 33, respectively If an accident happens 
in the pressure rising compressor 33 or the drive equip- 15 
ment 70 for pressure rising compressor, according to 
the operational signal from the valve opening control 
section 67, the fuel valve 15 of the fuel section 12 is 
closed while the discharge valves 77a and 77b being 
opened, and then, the high pressure air of the high pres- 20 
sure air supply system 29 is discharged to the atmos- 
pheric air via these discharge valves 77a and 77b. 
Further, the high pressure air remaining in the air com- 
pressor 8 conversely flows into the high temperature 
sections 31a and 31b of the gas turbine 10 via the high 25 
pressure air recovery system 32 so that the high tem- 
perature sections 31a and 31b of the gas turbine 10 are 
cooled, and thereafter, is discharged to the atmospheric 
air via the discharge valve 77b. 

[0134] As described above, in this embodiment in the 30 
case where an accident happens in the pressure rising 
compressor 33 or in the pressure rising compressor 
drive equipment 70, the discharge valves 77a and 77b 
are opened so that the high pressure air of the high 
pressure air supply system is discharged to the atmos- 35 
pheric air, and during this discharge, the high pressure 
air remaining in the air compressor 8 conversely flows 
into the high temperature sections 31a and 31b of the 
gas turbine 10 via the high pressure air supply system 
so as to cool these high temperature sections 31a and 40 
31b. Thus, no thermal stress or thermal fatigue is exces- 
sively applied to the material of the high temperature 
sections 31a and 31b of the gas turbine 10, so that the 
material strength can be kept at a preferable state. 
[0135] Fig. 28 is a graph showing a comparison in a 45 
plant heat (thermal) efficiency between a gas turbine 
plant according to each embodiment of the present 
invention and the prior art. In the gas turbine plant 
according to each embodiment of the present invention, 
the high pressure air of the air compressor 8 is used as so 
a heating source, and the fuel F supplied from the fuel 
section 12 to the gas turbine combustor 9 is heated by 
the heat exchange section 16, and thus, the quantity of 
heat (energy) of the fuel F is enhanced. By doing so, it 
is possible to improve a plant heat efficiency by con- 55 
sumption of a small fuel F. In particular, in the case 
where the same temperature gas turbine drive gas is 
generated by a gas turbine plant according to each 



embodiment of the present invention and the prior art, 
the gas turbine plant according to each embodiment of 
the present invention and the prior art makes it possible 
to relatively reduce the consumption of the fuel F as 
compared with the prior art. Therefore, the plant heat 
efficiency can be improved about 0.5 to 1.0% as com- 
pared with the prior art. 

[01 36] It is to be noted that the present invention is not 
limited to the described embodiments and many other 
changes, modifications and combinations thereof will be 
made without departing from the scopes of the 
appended claims. 

Claims 

1 . A gas turbine plant comprising: 

an air compressor; 
- - a gas turbine; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 

a heat exchange section for heating the fuel 
from said fuel system by means of a high pres- 
sure air as a heating source from the air com- 
pressor. 

2. A gas turbine plant according to claim 1 , wherein 
said heat exchange section is housed in the air 
compressor. 

3. A gas turbine plant according to claim 1, wherein 
said heat exchange section is mounted to a casing 
of the air compressor. 

4. A gas turbine plant according to claim 3. wherein 
said heat exchange section mounted to the casing 
of the air compressor has a structure that a fuel 
passage is formed by an outer cover covering an 
outer periphery of the casing, one side of the fuel 
passage being provided with a fuel inlet and a fuel 
outlet and another side of the fuel passage is pro- 
vided with a connecting pipe. 

5. A gas turbine plant comprising: 

an air compressor; 
a gas turbine; 

a driven equipment, said air compressor, said 

gas turbine and said driven equipment being 

operatively connected in series; 

a gas turbine combustor arranged between the 

air compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas tur- 
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bine combustor; 

an extraction closed circuit system provided for 
said air compressor; and 
a heat exchange section provided for said 
extraction closed circuit system for heating the 
fuel supplied to the gas turbine combustor from 
the fuel system. 

6. A gas turbine plant comprising: 



7. A gas turbine plant comprising : 



10 



an air compressor; 

a gas turbine including an exhaust gas system; 
a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 15 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 

a heat exchange section provided for saicT^lrc 
exhaust gas system of the gas turbine for heat- 
ing the fuel supplied to the gas turbine combus- 
tor from the fuel system. 



25 



an air compressor; 

a gas turbine including a high temperature sec- 
tion; 

a driven equipment, said air compressor, said 30 
gas turbine and said driven equipment being 
; , operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 35 
bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 40 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system, the high pressure air after the 
heating being supplied to the high temperature 45 
section of the gas turbine as a cooling medium; 
and 

a high pressure air recovery system for recov- 
ering the an overall quantity or part of the high 
pressure air to the air compressor after cooling so 
the high temperature section of the gas turbine. 

A gas turbine plant according to claim 7, wherein 
the high pressure air supply system is divided into a 
plurality of high pressure air supply sections in ss 
accordance with a magnitude of pressure loss of 
the high pressure air passing through the high tem- 
perature section of the gas turbine, said plurality of 



high pressure air supply sections each being pro- 
vided with a flow distributing device. 

9. A gas turbine plant according to claim 8, wherein 
said flow distributing device is either one of a flow 
control valve and an orifice. 

10. A gas turbine plant according to claim 8, wherein 
said high pressure air recovery system is divided 
into a plurality of high pressure air recovery sec- 
tions so as to correspond to the divided plurality of 
high pressure air supply sections. 

1 1 . A gas turbine plant comprising: 

an air compressor; 

a gas turbine including a high temperature sec- 
tion; 

r _ a driven equipment, said air compressor^said 

gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; and 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system, the high pressure air after the 
heating being supplied to the high temperature 
section of the gas turbine as a cooling medium 
and the high pressure air after cooling the high 
temperature section being joined with a gas 
turbine driving gas. 

12. A gas turbine plant according to claim 11, wherein 
the high pressure air supply system is divided into a 
plurality of high pressure air supply sections in 
accordance with a magnitude of pressure loss of 
the high pressure air passing through the high tem- 
perature section of the gas turbine, said plurality of 
high pressure air supply sections each being pro- 
vided with a flow distributing device. 

13. A gas turbine plant according to claim 12, wherein 
said flow distributing device is either one of a flow 
control valve and an orifice. 

14. A gas turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tem- 
perature section; 

a driven equipment, said air compressor, said 
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gas turbine and said driven equipment being 

operatively connected in series; 

a gas turbine combustor arranged between the 

air compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas tur- s 

bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 10 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 15 
sure of the high pressure air after heating the 
fuel and for supplying the high pressure air to at 
least one of the high temperature sections of 
the gas turbine as a cooling medium; and 
at least one high pressure air recovery system 20 
for recovering an overall quantity or part of the 
high pressure air after cooling the at least one 
of the high temperature sections of the gas tur- 
bine to the air compressor. 

25 

A gas turbine plant comprising: 
an air compressor; 

a gas turbine including at least one high tem- 
perature section; 30 
a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 35 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 40 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 45 
a first pressure rising compressor for rising a 
pressure of the high pressure air after heating 
the fuel and for supplying the high pressure air 
to at least one of the high temperature sections 
of the gas turbine as a cooling medium; 50 
a second pressure rising compressor which is 
bypassed from an outlet side of the first pres- 
sure rising compressor and rising a pressure of 
the high pressure air after heating the fuel and 
for supplying the high pressure air to at least ss 
one of other high temperature sections of the 
gas turbine as a cooling medium; and 
a high pressure air recovery system for recov- 



ering an overall quantity or part of the high 
pressure air after cooling the high temperature 
sections of the gas turbine to the air compres- 
sor. 

1 6- A gas turbine plant comprising: 
an air compressor; 

a gas turbine including a plurality of high tem- 
perature sections; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature sections of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a plurality of pressure rising compressors for 
rising a pressure of the high pressure air after 
heating the fuel and for supplying the high 
pressure air to the high temperature sections, 
respectively, as a cooling medium; and 
a high pressure air recovery system for recov- 
ering an overall quantity or part of the high 
pressure air after cooling the the high tempera- 
ture sections of the gas turbine to the air com- 
pressor. 

1 7. A gas turbine plant comprising: 
an air compressor; 

a gas turbine including a plurality of high tem- 
perature sections; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air supply system operativery 
connected to the high temperature sections of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the 



20 



39 



EP 0 903 484 A2 



40 



fuel and for supplying the high pressure air to 
the at least one high temperature section as a 
cooling medium, said high pressure air supply 
system being directly connected to at least one 
of other high temperature sections so as to 
supply the high pressure air after heating the 
fuel as a cooling medium; and 
a plurality of high pressure air recovery sys- 
tems for recovering an overall quantity or part 
of the high pressure air after cooling the high 
temperature sections of the gas turbine to the 
air compressor in accordance with the plurality 
of high temperature sections, respectively. 

18. A gas turbine plant comprising: 

an air compressor; 

a gas turbine including a plurality of high tem- 
perature sections; 

afidriven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature sections of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the 
fuel and for supplying the high pressure air to 
the high temperature sections of the gas tur- 
bine as a cooling medium; 
a high pressure air recovery system for recov- 
ering an overall quantity or part of the high 
pressure air after cooling at least one of said 
high temperature sections of the gas turbine to 
the air compressor; and 
a cooling recovery system for recovering the 
overall quantity or part of the high pressure air 
after cooling at least one of other high temper- 
ature sections of the gas turbine to an inlet side 
of the heat exchange section. 



19. A gas turbine plant comprising: 
an air compressor; 

a gas turbine including a high temperature sec- 
tion; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 



a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 

5 a high pressure air supply system operatively 

connected to the high temperature section of 
the gas turbine for supplying the high pressure 
air from the air compressor, said high pressure 
air supply system being provided with a heat 

10 exchange section for heating the fuel from said 

fuel system and another heat exchange section 
for heating a heat utilizing device for heating a 
medium to be heated of the heat utilizing 
device. 

75 

20. A gas turbine plant comprising: 

an air compressor; 

a gas turbine including a high temperature sec- 

20 ' Ttionf 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 

25 air compressor and the gas turbine; 

a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 

an air extraction closed circuit system provided 
for said air compressor, said air extraction 

so closed circuit system being provided with a 

heat exchange section for heating the fuel from 
said fuel system and another heat exchange 
section for heating a heat utilizing device for 
heating a medium to be heated of the heat uti- 

3s lizing device. 

21. A gas turbine plant comprising: 

an air compressor; 

40 a gas turbine including an exhaust gas system 

and being combined with a steam turbine; 
a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 

45 a gas turbine combustor arranged between the 

air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a heat exchange section provided for the 
so exhaust gas system of the gas turbine for heat- 

ing a fuel supplied from the fuel system to the 
gas turbine combustor; and 
a plurality of exhaust heat recovery heat 
exchange section provided for the exhaust gas 
55 system of the gas turbine for heating a feed 

water of the steam turbine plant so as to gener- 
ate a steam. 
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. A gas turbine plant comprising: 
an air compressor; 

a gas turbine including a high temperature sec- 
tion; 5 
a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 10 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 

an air extraction closed circuit system provided 
for said air compressor, said air extraction 
closed circuit system being provided with a is 
heat exchange section for heating the fuel from 
said fuel system to the gas turbine combustor, 
a valve opening control means for detecting a 
fuel leak into the high pressure air by a fuel leak 
detector provided for the heat exchange sec- 20 
tion and for closing a fuel valve of the fuel sys- 
tem when a detection signal exceeds a 
predetermined value, and an alarm device for 
giving an alarm when the detection signal 
exceeds the predetermined value. 25 

A gas turbine plant comprising: 

an air compressor; 

a gas turbine; 30 
a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 35 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 

a heat exchange section for heating the fuel 
from said fuel system by means of a high pres- 
sure air as a heating source from the air com- 40 
pressor, said heat exchange section being 
divided into a first heat exchange unit for heat- 
ing an intermediate heating medium by a high 
temperature heating medium and a second 
heat exchange unit for heating the fuel by the 45 
thus heated intermediate heating medium. 

A gas turbine plant comprising: 

an air compressor; 50 
a gas turbine; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 55 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; and 



a heat exchange section for heating the fuel 
from said fuel system by means of a high pres- 
sure air as a heating source from the air com- 
pressor, said heat exchange section being 
divided into a high temperature chamber and a 
low temperature chamber and being provided 
with a heating pipe crossing the high tempera- 
ture chamber and the low temperature cham- 
ber so that the heating pipe is heated by a high 
temperature heating medium in the high tem- 
perature chamber and the fuel is heated in the 
low temperature chamber. 

25, A gas turbine plant comprising: 

an air compressor including an air discharging 

means; 

a gas turbine; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a discharge air recovery system provided so as 
to bypass the air discharging system of the air 
compressor, said air discharging means being 
provided with an air discharge valve to which is 
disposed a valve opening control means which 
opens and doses the air discharge valve in 
response to at least one signal of a rotational 
speed signal of a gas turbine shaft and a power 
signal of the driven equipment; and 
a heat exchange section provided for the dis- 
charge air recovery system for heating the fuel 
supplied from the fuel system to the gas turbine 
combustor. 

26. A gas turbine plant comprising: 

an air compressor ; 

a gas turbine including at least one high tem- 
perature section; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air ^supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
suppOed to the gas turbine combustor from the 



22 



43 



EP 0 903 484 A2 



44 



fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the 
fuel and for supplying the high pressure air to at 
least one of the high temperature sections of s 
the gas turbine as a cooling medium, said pres- 
sure rising compressor being connected to a 
gas turbine shaft; and 

at least one high pressure air recovery system 
for recovering an overall quantity or part of the 10 
high pressure air after cooling the at least one 
of the high temperature sections of the gas tur- 
bine to the air compressor. 

27. A gas turbine plant according to claim 26, wherein is 
said pressure rising compressor is directly con- 
nected to the gas turbine shaft. 

28. A gas turbine plant according to claim 26, wherein 
said pressure rising~bompressor is connected to the 20 
gas turbine shaft through a power transmission 
mechanism. 

29. A gas turbine plant according to claim 28, wherein 
said power transmission mechanism section is 25 
composed of either one of a gear mechanism and a 
torque converter mechanism. 



30. A gas turbine plant comprising: 



30 



an air compressor; 

a gas turbine including at least one high tem- 
perature section; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 35 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 40 
a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 45 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the so 
fuel and for supplying the high pressure air to at 
least one of the high temperature sections of 
the gas turbine as a cooling medium; 
a re-circulation system bypassing from an 
intermediate portion between an outlet side of 55 
the pressure rising compressor and a check 
valve disposed to an inlet side of the high tem- 
perature section of the gas turbine, said re-cir- 



culation system being provided with a re- 
circulation valve and being connected to an 
inlet side of the heat exchange section; and 
at least one high pressure air recovery system 
for recovering an overall quantity or part of the 
high pressure air after cooling the at least one 
of the high temperature sections of the gas tur- 
bine to the air compressor. 

31. A gas turbine plant according to claim 30, wherein 
said re-circulation system includes a valve opening 
control means which calculates a pressure ratio of 
the pressure rising compressor in response to a 
pressure signal from each of an inlet side and an 
outlet side of the pressure rising compressor, a 
rotational speed signal of a gas turbine shaft, a 
power signal of the driven equipment, a tempera- 
ture signal of the high pressure air recovered to the 
air cornpressorjj^hen computes the valve opening ^ 
signal so' that the pressure ratio becomes a speci- 
fied value determined by at least one of the rota- 
tional speed signal of the gas turbine shaft, the 
power signal of the driven equipment the tempera- 
ture signal of the high pressure air recovered to the 
air compressor, and supplies the operational signal 
to the re-circulation valve. 

32. A gas turbine plant comprising: 

an air compressor; 

a gas turbine including at least one high tem- 
perature section; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor, said fuel system being pro- 
vided with a fuel valve; 

a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the 
fuel and for supplying the high pressure air to at 
least one of the high temperature sections of 
the gas turbine as a cooling merfum; and 
at least one high pressure air recovery system 
provided with a high pressure air recovery 
check valve for recovering an overall quantity or 
part of the high pressure air after cooling the at 
least one of the high temperature sections of 
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the gas turbine to the air compressor, said 
pressure rising compressor being provided 
with a bypass system including a check valve 
and a valve opening control means which 
closes the fuel valve of the fuel system when an 5 
accident happens in the pressure rising com- 
pressor while opening a discharge valve pro- 
vided on an inlet side of the high pressure air 
recovery check valve of the high pressure air 
recovery system. K 



close the fuel valve of the fuel system when an 
accident happens in the pressure rising com- 
pressor while opening a discharge valve pro- 
vided on an inlet side of the high pressure air 
recovery check valve of the high pressure air 
recovery system and adapted to open the flow 
control valve so that an accumulated air from 
the accumulator is supplied to the at least one 
of the high temperature sections of the gas tur- 
bine. 



33. A gas turbine plant according to claim 32, wherein 
said valve opening control means serves to close 
the fuel valve of the fuel system in response to the 
pressure signal from each of an inlet side and an 15 
outlet side of the pressure rising compressor and a 
rotational speed signal of a pressure rising com- 
pressor driving equipment while opening a dis- 
charge valve provided on the inlet side of the high 
pressure air recovery check valve of the high pres- 20 
sure air recovery system. 

34. A gas turbine plant comprising: 

an air compressor; 25 
a gas turbine including at least one high tem- 
perature section; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 30 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor, said fuel system being pro- 
vided with a fuel valve; 35 
a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 40 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the 45 
fuel and for supplying the high pressure air to at 
least one of the high temperature sections of 
the gas turbine as a cooling medium; 
at least one high pressure air recovery system 
provided with a high pressure air recovery so 
check valve for recovering an overall quantity or 
part of the high pressure air after cooling the at 
least one of the high temperature sections of 
the gas turbine to the air compressor; 
an accumulator which has a flow control valve 55 
on an outlet side of the check valve on the out- 
let side of the pressure rising compressor; and 
a valve opening control means adapted to 



35. A gas turbine plant comprising: 
an air compressor; 

a gas turbine including at least one high tem- 
perature section; 

a driven equipment, said air compressor, said 
gas turbine and said driven equipment being 
operatively connected in series; 
a gas turbine combustor arranged between the 
air compressor and the gas turbine; 
a fuel system for supplying a fuel to the gas tur- 
bine combustor; 

a high pressure air supply system operatively 
connected to the high temperature section of 
the gas turbine for supplying a high pressure 
air from the air compressor thereto; 
a heat exchange section provided for the high 
pressure air supply system for heating the fuel 
supplied to the gas turbine combustor from the 
fuel system; 

a pressure rising compressor for rising a pres- 
sure of the high pressure air after heating the 
fuel and for supplying the high pressure air to at 
least one of the high temperature sections of 
the gas turbine as a cooling medium; 
at least one high pressure air recovery system 
provided with a high pressure air recovery 
check valve for recovering an overall quantity or 
part of the high pressure air after cooling the at 
least one of the high temperature sections of 
the gas turbine to the air compressor; and 
a valve opening control means adapted to open 
a discharge valve provided on an outlet side of 
the pressure rising compressor when an acci- 
dent happens in the pressure rising compres- 
sor so that a residual high pressure air of the air 
compressor conversely flows into the at least 
one of the high temperature sections of the gas 
turbine and adapted to open the discharge 
valve provided on an inlet side of the heat 
exchange section. 
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(54) Gas turbine plant with fuel preheater 

(57) The fuel delivery system of a gas turbine plant 
includes an exchanger for heating the fuel before feed- 
ing it to the combustor. The heat energy is provided by 
hot gases which can be found in the plant, e.g. in the 
compressor, in its casing, in the discharge of the turbine 
or preferably in a flowpath bypassing the combustor. 



CO 
< 

00 

CO 

o 

O) 

o 

Q_ 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 <HRS)/3.6 



OCID: <EP 09O3484A3 I > 



EP 0 903 484 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 7671 



I DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 


E 


US 5 845 481 A (BRIESCH MICHAEL S ET AL) 
8 December 1998 (1998-12-08) 
* f inures * 


1,6,11 


F02C7/18 


x 


FP 0 7*37 find. A fMTT^IIRT^UT UP A\/V TWn 1 m\ 

16 October 1996 (1996-10-16) 
* figures * 


1,11,19, 
20,23,24 




P,X 


US 5 782 076 A (BRIESCH MICHAEL SCOT ET 
AL) 21 July 1998 (1998-07-21) 

* figures * 


1,7,8, 
10-14, 
17-20,26 




X 


US 5 611 197 A (BUNKER RONALD S) 
18 March 1997 (1997-03-18) 
* figures * 


1,5,7,11 




X 


EP 0 584 958 A (GEN ELECTRIC) 
2 March 1994 (1994-03-02) 
* figures * 


1,5,23 




X 


EP 0 519 304 A (SIEMENS AG) 


1,6,11, 


TECHNICAL FIELDS 
SEARCHED {lntCI.6) 




23 December 1992 (1992-12-23) j 
Tigures 


21 


F02C 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 465 (M-1665), 

30 August 1994 (1994-08-30) 

& JP 06 146924 A (MITSUBISHI HEAVY IND 

LTD), 27 May 1994 (1994-05-27) 

* abstract * 


X » X X 9 c.\J 




Hie present search report has been *a«m up for all claims 







THE HAGUE 



Date ol completion of the search 

8 September 2000 



Argentini, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly mtavant W takan afana 

Y : parboularty raiavant if oomtoinad with anothar 



A : taohnologioaJ background 
O : now written dhoteaura 
P : intarmadiate document 



T : thaory or prinof3«a undartytng tha invafrton 
E : aariwf patent documant, but pubiahad on, c 

after tha fttnp data 
D i d ocu m a n t ortad in tha wnplinafaon 
L : dooumant ofcad for othar raaaooa 



A i nia 1 1 Ajar of tha a 



• patent fwn8y ( oonaapondaiy 



2 



so * a o ■ - 



EP 0 903 484 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 98 11 7671 



This annex Sals the patent family members relating to the patent documents cried in the above-mentioned European search report 
The membera are as contained in the European Patent Office EDP file on ' 
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

08-09-2000 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(8) 


Publication 
date 


US 5845481 


A 


08-12-1998 


EP 
JP 
WO 


0954687 A 
10205355 A 
9832960 A 


10-11-1999 
04-08-1998 | 
30-07-1998 


EP 0737804 


A 


16-10-1996 


JP 
US 


8284689 A 
5794448, A 


29-10-1996 
18-08-1998 


US 5782076 


A 


21-07-1998 


CA 
EP 
WO 


2254989 A 
0898646 A 
9744575 A 


27-11-1997 
03-03-1999 
27-11-1997 


US 5611197 


A 


18-03-1997 


NONE 






EP 0584958 


A 


02-03-1994 


US 


5317877 A 


07-06-1994 


EP 0519304 


A 


23-12-1992 


DE 


59205642 0 


18-04-1996 


JP 06146924 


A 


27-05-1994 


NONE 







i For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/B2 



OCID: <EP 09034a4A3 I > 



THIS PAGE BLANK (uspto) 



(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europgen des brevets 



ill 



(11) 



■11 

EP 0 737 804 A2 



(12) 



(43) Date of publication: 

16.10.1996 Bulletin 1996/42 

(21) Application number: 96104254.6 

(22) Date of filing: 18.03.1996 



EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : F02C 7/224, F02C7/18 



(84) Designated Contracting States: 
CH DE FRGBIT LI SE 

(30) Priority: 1 4.04.1 995 JP 891 39/95 

(71) Applicant: MITSUBISHI JUKOGYO KABUSHIKI 
KAISHA ~ 

Tokyo 100 (JP) 

(72) Inventors: 

• Fujioka, Masanori, 
c/o Takasago Machinery Works 
Arai-cho, Takasago-shi, Hyogo-ken (JP) 



• Sakata, Teruaki, 

c/o Takasago Machinery Works 
Arai-cho, Takasago-shi, Hyogo-ken (JP) 

• Dilao, Carmelo Osmena, 
c/o Takasago Machinery W. 
Arai-cho, Takasago-shi, Hyogo-ken (JP) 

(74) Representative: Henkel, Feiler, Hdnzel & Partner 
Mohlstrasse 37 
81675 Munchen (DE) 



(54) Gas turbine fuel heating apparatus 

(57) Object: To provide a gas turbine fuel heating 
apparatus in which an initial investment cost is made 
low and a contact of high temperature air and fuel at the 
time of fuel leakage is prevented so that safety is 
ensured. 

Construction: There are provided a turbine cooling 
air cooler 1 of air cooling type for cooling a turbine cool- 
ing air and a fuel heater 4 provided connectedly to the 
leaving side of a refrigerant air of said turbine cooling air 
cooler 1 of air cooling type for heating the fuel by said 
refrigerant air. Thereby, an initial investment cost is 
made low, and said turbine cooling air cooler 1 of air 
cooling type and said fuel heater 4, respectively, is a 
separate unit so that a contact of Ngh temperature air 
and fuel at the time of fuel leakage is prevented. 
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Description 

BACKGROUND OF THE INVENTION: 

Field of the Invention: s 

The present invention relates to a gas turbine fuel 
heating apparatus for heating gas turbine fuel by use of 
heat to be wasted. 

Description of the Prior Art: 

Generally in the prior art, in order to cool a rotor, 
moving and stationary blades etc. of gas turbine, a high 
pressure air in the turbine casing is extracted and 
cooled at a turbine cooling air cooler (herein referred to 
as TCA coder") of air cooling type to be used as a cool- 
ing air. However, if a gas turbine is of a large size type, 
the heat to be wasted outside the system becomes a 
huge amount and the efficiency (fuel consumption) of 
gas turbine becomes worse. 

So, systems to enhance the efficiency (fuel con- 
sumption) by heating the gas turbine fuel by use of the 
heat to be wasted outside the system have been dis- 
closed. Figs. 3 to 5 show examples of such gas turbine 
fuel heating systems in the prior art. 

Shown in Fig. 3 is a system in which air of which 
temperature is elevated in compression stages of a gas 
turbine driven compressor is extracted and fuel is 
heated at a heater 21 by heat of the extracted air so that 
the heat of the extracted air to be wasted is made use of 
for heating the fuel. Said air is further cooled at a cooler 
22 by a cooling water to be used as a cooling air for a 
rotor, moving and stationary blades eta 

Shown in Fig. 4 is a system in which fuel is heated 
by making heat exchange at a heat exchanger 26 
between a normal temperature fuel supplied with pres- 
sure from a fuel tank 23 to a combustor 24 and a high 
temperature cooling air extracted from a compressor 25 
so that the high temperature air is cooled to be used for 
cooling of a rotor, moving and stationary blades etc. 

Shown in Fig. 5 is a system to make use of heat to 
be wasted in which heat exchange is made at a cooler 

28 between a turbine cooling air 27 extracted from a 
compressor and a cooling medium (pressurized water) 

29 to heat the pressurized water 29 so that the gas tur- 
bine fuel is heated at a heater 30 by the pressurized 
water. 

In the gas turbine fuel heating systems in the prior 
art as described above, the system shown in Fig. 3 has 
such shortcomings that it, being of an indirect heating 
method using water, requires a separate heater 21 and 
cooler 22, which results in a high amount of initial invest- 
ment cost. 

The system shown in Fig. 4 is of a direct heating 
method using oil as fuel in which the fuel oil is heated by 
extracted air so that the extracted air is cooled by the 
fuel oil. 



And the system shown in Fig. 5, is of an indirect 
heating method in which pressurized water heated by 
extracted air heats fuel. This system has also shortcom- 
ings that it requires a separate cooler 28 and heater 30 
to result in a high amount of initial investment cost. 

Thus, as a whole, those shown in Figs. 3 and 5 
require a high initial investment cost and that shown in 
Fig. 4 has a risk that fuel may leak due to aged deterio- 
ration of a heat exchanger and come to contact with a 
high temperature air. 

SUMMARY OF THE INVENTION: 

It is therefore an object of the present invention to 
provide a gas turbine fuel heating apparatus to dissolve 
the above-mentioned shortcomings in the prior art. 

One feature of the gas turbine fuel heating appara- 
tus according to the present invention is that it com- 
prises a TCA cooler of air cooling type for cooling a 
turbine cooling air and a fuel heater provided connect- 
edly to the leaving side of a refrigerant air of said TCA 
cooler of air cooling type for heating the fuel by said 
refrigerant air. 

Another feature of the gas turbine fuel heating 
apparatus according to the present invention is that said 
TCA cooler of air cooling type comprises a plurality of 
motor driven fans to supply the refrigerant air. 

Further feature of the gas turbine fuel heating appa- 
ratus according to the present invention is that said fuel 
heater is constructed substantially in same size as said 
TCA cooler of air cooling type and is provided directly 
lappedly on said TCA cooler of air cooling type. 

Still further feature of the gas turbine fuel heating 
apparatus according to the present invention is that the 
turbine cooling air of said TCA cooler of air cooling type 
and the fuel of said fuel heater flow in opposite direc- 
tions each other in said TCA cooler of air cooling type 
and said fuel heater, respectively. 

Further feature of the gas turbine fuel heating appa- 
ratus according to the present invention is that heat 
exchanger tubes contained in said TCA cooler of air 
cooling type and said fuel heater, in which said turbine 
cooling air and said fuel flow, are finned tubes. 

Further feature of the gas turbine fuel heating appa- 
ratus according to the present invention is that the fuel 
heated by said fuel heater is gas or a liquid fuel like oil. 

According to the present invention, as the refriger- 
ant air is heated by cooling the turbine cooling air and 
the fuel is heated indirectly by the refrigerant air of the 
outlet side of the TCA cooler, the apparatus has a long 
useful life. Further, as the TCA cooler and the fuel 
heater are provided separately each other, safety at the 
time of fuel leakage can be ensured. 

Further, not only gas but also a liquid fuel like oil 
can be used as a fuel, and even if the atmospheric air 
temperature changes, the apparatus is constructed so 
as to make the fan revolution changeable to maintain a 
uniform temperature of the refrigerant air leaving the 
TCA cooler and entering the fuel heater. 
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Furthermore, as cooling of the turbine cooling air 
and heating of the fuel are made at the TCA cooler and 
the fuel heater provided connectedly thereto, respec- 
tively, the initial investment cost can be lowered as com- 
pared with the indirect heating system using 5 
pressurized water 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In the accompanying drawings: 

Fig. 1 is an explanatory drawing of an example of a 
preferred embodiment according to the present 
invention. 

Fig. 2 is a perspective view of said preferred 
embodiment. 

Fig. 3 is a schematic drawing of an example of a 
gas turbine fuel heating apparatus in the prior art. 
Fig. 4 is a schematic drawing of another example of 
a gas turbine fuel heating apparatus in the prior art. 
Fig. 5 is a schematic drawing of a further example 
of a gas turbine fuel heating apparatus in the prior 
art. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS: 

One preferred embodiment according to the 
present invention is described with reference to Figs. 1 
and 2. As shown in Fig. 1 , a TCA cooler 1 comprises an 
outer shell 2, disposed on the upper part, containing a 
tube nest (not shown in the figure) through which a cool- 
ing air to cool a rotor, moving and stationary blades etc. 
of gas turbine flows and a plurality of motor driven fans 
3, disposed on the lower part, to supply a refrigerant air 
(atmospheric air) to cool the tube nest. As said cooling 
air, a pressurized and temperature-risen air extracted 
from a compressor or a pressurized and temperature- 
risen air extracted from compression stages of a gas 
turbine driven compressor, etc. is used. 40 

On the upper side of the TCA cooler 1 which is the 
leaving side of the refrigerant air of the TCA cooler 1, a 
fuel heater 4 is provided connectedly so that an indirect 
heating construction is employed in which fuel is indi- 
rectly heated by the refrigerant air heated at the TCA 45 
cooler and leaving there. Within the fuel heater 4, a tube 
nest through which fuel gas or fuel oil flows is contained. 

Said fuel heater 4 and said TCA cooler 1 are con- 
structed substantially in same size, respectively, and 
are arranged so that the fuel heater 4 is directly lapped so 
on the TCA cooler 1 . On both sides of the TCA cooler 1 . 
an inlet side header 6a to introduce the cooling air and 
an outlet side header 6b are provided. And on one side 
of the fuel heater 4 where said header 6b is provided, an 
inlet side header 7a of fuel is provided, and on the other 55 
side of the fuel heater 4 where said header 6a is pro- 
vided, an outlet side header 7b of fuel is provided. Thus, 
the cooling air and the fuel flows in the TCA cooler 1 and 
the fuel heater 4. respectively, in opposite directions 



each other as shown by the arrows A and B. Inciden- 
tally, numeral 8 in Fig. 2 designates a walkway for head- 
ers. 

For heat exchanger tubes of multitubular type to 
construct the tube nests contained in said TCA cooler 1 
and said fuel heater 4, finned tubes are used in order to 
enhance the heat exchange performance with the 
refrigerant air. 

In this preferred embodiment, the refrigerant air 
(atmospheric air) supplied by the fans 3 cools the cool- 
ing air flowing in the exchanger tubes of the tube nest of 
the TCA cooler 1 and is heated itself. Said cooling air so 
cooled is sent from the header 6b to the rotor, the mov- 
ing and stationary blades etc. of gas turbine and cools 
them. The air heated at the tube nest of the TCA cooler 
1 enters the tube nest of the fuel heater 4 on the upper 
side of the TCA cooler 1 and heats there the fuel flowing 
in the heat exchanger tubes of said tube nest and then 
theheated fuel is sent from the header 7b to a combus- 
tor of gas turbine. 

As described above, in this preferred embodiment, 
as the fuel is heated by the air which cools the cooling 
air and leaves the TCA cooler 1 , the heat to be wasted 
outside the system can be effectively utilized, and as the 
fuel is indirectly heated by the heat of the cooling air, the 
useful life of the apparatus can be elongated. 

And. as the TCA cooler 1 and the fuel heater 4, 
respectively, is a separate unit, safety at the time of fuel 
leakage can be ensured. 

Further, not only gas but also a liquid fuel like oil 
can be used as a fuel, and even if the atmospheric air 
temperature changes, the revolution of the fans 3 is con- 
trolled and the temperature of the air leaving the TCA 
cooler 1 and entering the fuel heater 4 can be main- 
tained uniformly. 

Furthermore, in this preferred embodiment, cooling 
of the cooling air and heating of the fuel is done by the 
TCA cooler 1 and the fuel heater 4 provided connect- 
edly thereto, respectively, the initial investment cost can 
be lowered as compared with said indirect heating 
method using pressurized water in the prior art. 

In the gas turbine fuel heating apparatus according 
to the present invention, as the heat of the refrigerant air 
which cools the cooling air for cooling the rotor, the mov- 
ing and stationary blades etc. of gas turbine and leaves 
the TCA cooler is effectively made use of for heating the 
fuel at the fuel heater, the efficiency of gas turbine can 
be enhanced, and as the construction is simple in that 
the TCA cooler and the fuel heater are provided con- 
nectedly each other and the refrigerant air leaving the 
TCA cooler is passed through the fuel heater, the initial 
investment cost is low as compared with an indirect 
heating method using water in the prior art or an indirect 
heating method using pressurized water in the prior art, 
and further a risk of a fuel leaking and making contact 
with a high pressure air in an indirect heating method in 
the prior art can be avoided. 
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Accordingly, the present invention can contribute to 
enhancement of gas turbine efficiency and to enhance- 
ment of gas turbine reliability. 

While the preferred form of the present invention 
has been described, variations thereto will occur to s 
those skilled in the art within the scope of the present 
inventive concepts which are delineated by the following 
claims. 

Claims 10 

1 . A gas turbine fuel heating apparatus characterized 
in comprising a turbine cooling air cooler (1) of air 
cooling type for cooling a turbine cooling air and a 
fuel heater (4) provided connectedly to the leaving is 
side of a refrigerant air of said turbine cooling air 
cooler (1) of air cooling type for heating the fuel by 
said refrigerant air. 

- - — • ■ 

2. A gas turbine fuel heating apparatus as claimed in 20 
Claim 1, characterized in that said turbine cooling 

air cooler (1) of air cooling type comprises a plural- 
ity of motor driven fans (3) to supply the refrigerant 
air. 

25 

3. A gas turbine fuel heating apparatus as claimed in 
Claim 1 or 2, characterized in that said fuel heater 
(4) is constructed substantially in same size as said 
turbine cooling air cooler (1) of air cooling type and 

is provided directly lappedly on said turbine cooling 30 
air cooler (1) of air cooling type. 

4. A gas turbine fuel heating apparatus as claimed in 
any one of Claims 1 to 3, characterized in that the 
turbine cooling air of said turbine cooling air cooler 35 
(1) of air cooling type and the fuel of said fuel heater 

(4) flow in opposite directions each other in said tur- 
bine cooling air cooler (1) of air cooling type and 
said fuel heater (4), respectively. 

40 

5. A gas turbine fuel heating apparatus as claimed in 
any one of Claims 1 to 4, characterized in that heat 
exchanger tubes contained in said turbine cooling 
air cooler (1) of air cooling type and said fuel heater 
(4), in which said turbine cooling air and said fuel 45 
flow, are finned tubes. 

6. A gas turbine fuel heating apparatus as claimed in 
any one ol Claims 1 to 5, characterized in that the 
fuel heated by said fuel heater (4) is gas or a liquid so 
fuel like oil. 
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(54) Gas turbine fuel heating apparatus 

(57) Object: To provide a gas turbine fuel heating 
apparatus in which an initial investment cost is made 
low and a contact of high temperature air and fuel at the 
time of fuel leakage is prevented so that safety is 
ensured. 

Construction: There are provided a turbine cooling 
air cooler 1 of air cooling type for cooling a turbine cool- 
ing air and a fuel heater 4 provided connectedly to the 
leaving side of a refrigerant air of said turbine cooling air 
cooler 1 of air cooling type for heating the fuel by said 
refrigerant air. Thereby, an initial investment cost is 
made low, and said turbine cooling air cooler 1 of air 
cooling type and said fuel heater 4, respectively, is a 
separate unit so that a contact of high temperature air 
and fuel at the time of fuel leakage is prevented. 
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